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1.0 INTRODUCTION PR

The problem of atmospheric transmission of infrared and visible radi-
ation is of considerable interest from both a purely scientific and a practical I
point of view. The study of radiative transfer in an atmosphere irvolves a ¥
large number of physical and chemical effects and their proper theoretical
creatment requires an increasing degree of mathematical sophistication. The
vast amount of physical data necessary for a detailed description is typified
by the AFGL 1ine atlas which forms the core of the AFGL HITRAN Research Pro-
gramll]. Uses of this data include laboratory studies oY absorption, computing
data for comparison or design of field observations of the atmosphere as well
as such applications as the design of remote sensing or laser communication
systems.

In the design and simulation of such systems, the atmospheric trans- é
mission in a given wave number interval can be a crucial consideration. For
systems with relatively coarse spectral resolution, the detailed spectral

structure of the absorption is not required. Thus, for such systems a high §
resolution technique for study and simulation may not be necessary and one &
may profitably use lower resolution codes such as the AFGL LOWTRAN Program[zl, i
but even in applied work a high degree of spectral resolution is increasingly E

in demand.
A number of line-by-line calculational methods have been reported f
which provide as detailed a spectral resolution as computationally possible.
Among these may be found the LBL Program which has come to be know as the
HITRAN Code[ll. This method uses the AFGL line atlas and convolves all lines
contributing to a given wave number to within a prescribed wave number range
using a Lorentz line shape profile. The large number of calculatiuns which
the LBL Program performs requires a large amount of computer time which makes
parametric studies as well as wide-band computations prohibitively expensive.
Thus this code tends to be used for very necessary high resolution work and
also as a tool to improve lower resolution models such as LOWTRAN. ;
With the growing demand for high resolution work, an effort was i
undertaken at AFGL to improve the efficiency of 1ine-by-line calculations. ;
The initial phase of this work resulted in the development oF the HIRACC
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algorithm for the convolution of Lorentz line shapes within 48 half-widths
of a given wave number for a constant atmospheric temperature, dernsity and
composition. This extremely efficient algor thm resulted in a decreased
running time of somawhat more than an order of magnitude as compared to the
corresponding pa:ts of the LBL Code. The HIRACC algorithm has been fully
documented in an eariier report[3] and we shail assume in the current report
that the reader is familiar with Reference [3].

At this point it would be helpful to the reader to summarize the main
features of the HIRACC algorithm which combine to give effectively an crder
of magnitude decrease in computational time. The first step in the develop-
ment of HIRACC ‘rvolved the decomposition of the line shape profile into three
sub-profiiles with different spectral widths. The algourithm was developed for
a pure Lorentz line shape and the line shape profile was cut off beyond 48
halr-widths from the line center. FASCODE (Fast Atmospheric Signature Code),
however, was designed to use a Voigt profile. In order to accomplish this it
was found con.enient to extend the cut-off of the profiles to 64 half-widths.
This enabled the definition of only one new sub-profile, a Gaussian function
representing the Doppler contribution out to 4 half-widths. Hote that beyond
this number of half-widths the Doppler broadening may be neglected. The Voigt
profile is then approximated by an appropriate combination of four functions.
figures 1.1 and 1.2 illustrate the resulting decomposition.

This decomposition has the advantage that the rapid variation of the
profile near the line center can be represented properly by a specified sampl-
ing interval and the more slowly varying portion As one approaches the wings
of the line can be properly represented with a larger increment between the
points. In additirn, the results of the four szparate convolutions are not
put together until the contributions from all the lines in the region are
complete. An interpolation scheme was developed to compute those values re-
quired bet.'een the numerical values. Details are given in Section 2.

Another important result of Reference [3] was the determination of
a criterion for the optimum sampling interval. A sampling interval which
gives results to ~ 0.1 percent was shown to be given by

Av = ofd (1.1)
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- -
- uarMA
,< "34nbLj BY3 UL WMOYS BUE SYIPIM-)lBY 26+ 03 sanjea Ajug "(;Z + 1/1)3{(«/1)
A = (2)7 S3ALH SUOLIDUNS 3B4YL YL SO WNS BYL “SYIPIM-4[PH 9 O3 pG- PUR SYIPIM-4ieH
: 9T 03 91~ °SYIPLM-j1eH p 03 p- :SULBWO( 33JUL OIUf UDLIDUNJ ZIUIUOT BY] JO UOLFLSO0WOI3] :T° 3unbry
] SHiGIK-3YH
. 2 91 0°0 at- 2¢-
W
H, 520 520°
050° 0S0°
| <10° | sz0-
m 90 001" =
w
[
2
FTAMY g1 o
f o
! =
0s1°0 051" Q
m
=
; n
SL1°0 5437 8
; =
y =
: —
0020 00Z-
: 6220 62¢°
! 05270 ﬁ 1062 °
GL2°0 t1r

00g°0 o0t "
NOILISOdW023G ZiN3¥01

s
;
"
i . - » »
yoe. o P i ¢ i - il eyt q i Reiiiaais d ki . L, 8 Tk reert e il -t S il il vt i . e ST, € it skt £ el ot aTias b T 4 ke o welinilad wld
o o - NIRRT T, ’ ik 3 -~ seentees




1|||' e e e e T T T e s s ki r e it L el A
4 '

H1GIm 4TVH

e et e Al ettt i G 3% ok I s e Ak ST S i i k meptritln - = i}

‘u0i3duny 36103 A IONUISUOIAL 03 PAsSn Su0LIdUN, 4n04 :Z°1 d4nbi 4

H1GIM J7¥H

0°n9 o.mm 0°0 0°Z¢~- 0°4%9- C™H o-.N o..c owW& o.:m
T T , ,/ s
i / . o
/ w /
y _ o
// b , “
[ . / 12 ; o
\ N v . ‘ <
¥CTS )d3A ;© ; 1Svd ~
i 1
w ) HiGIM 37WH HIOIM JTVH
w 691 0°8 0°0 0°3- 0°91- 94 0°2 00 0°z- 0°4-
e e zed —_— s o Y o
. . .,M : \ 2
.v, * .F
: _ L
| g / .
| \ .o : ”3
3 \ w h\ 4 i
w, b | \
. ’ \
' \ te * ©
\ MOs 13 M ¥314d0a 3
* . v
| L i _




e T R v T
LT . -

where a is the average half-width of a 1ine over the region of interest. It
was also shown that the gain G obtained by the decomposition method over com-
puting the entire 1ine shape at a given sampling interval is given by the
relation

) (1.2)

M
G=N L Ny (8x,/8x

TOT m=1

In this expression, NTOT is the total number of half.widths over which the
profile is required, Nm is the number of half-widths spanned by the mth de-
composed function and (sxllaxm) is the ratio of the sampling interval for the
first function to that required for the mth function. For the decomposition
utilized in this report, this yields a theoretical gain of 5 1/3.

We also point out another feature, namely that for a given spectral
interval (v1 - vz) which contazins N lines, the same number of operations
per line are performed for the sampling interval chosen according to the
criterion. This implies that the convolution of a spectral absorptance for
a given spectral interval will always take the same amount of computational
time per line for high altitude layers where the lines are narrow as it does
for lower layers where the lines may be broadened considerably. This feature
is borne out by our rasults.

The HIRACC algoritnm has been used to develop a multilayer transmis-
sion and radiance code which has been called FASCODE standing for Fast
Atmospheric Signature Code. In the course of producing this code the basic
HIRACC algorithm has been left intact, but several peripheral modifications
have been implemented. In order to provide the capability of calculating at
higher altitudes where the Lorentz profile is no longer appropriate, a Voigt
line shape version has been developed with the additional feature that caicu-
lations are performed out to 64 half-widths. One of the great advantages of
the HIRACC technique is tlat the 1ine profile may be changed readily with only
a small change in running time. The Voigt line shape profile is described
in Section 2 of this report. We note in passing that purely Lorentz or purely
Doppler versions of FASCODE may easily be implemented for the user whose &ppli-
cation is in these domains. We emphasize, however, that no real penalty in
running time will be paid by a user who exercises the Voigt version in either

]
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of these altitude domains.

As mentioned above, the HIRACC algorithm for absorption was developed
for a uniform atmospheric path (temperature, pressure and absorber concentra-
tion). The application of this method to the real atmosphere was made by
approximating the real atmosphere by a series of layers with constant param-
eters in each layer. The results for each layer are then merged with the
absorption coefficient obtained up to that layer. The merging algorithms are
described in detail in Section 3 of this report.

Assuming local thermodynamic equilibrium, the absorption of radiation
by a given vclume of gas implies the re-emission of an equal amount of energy.
Using this idea one may "invert" a transmission calzul2:ion to obtain the
radiance from the gas alorg the given path. This cype of calculation has been
provided as an option in FASCODE to enable the user to calculate the radiance
due to the atmsophere itself. For the user who has a boundary at one end of
his path, a provision has been made to allow the user to add his own surface
radiance model. Currently this takes the form of a black body radiating at
a given temperature at the lYow end of a path starting in space and looking
down. This could be casily medified if a different spectral radiance is re-
quired. This part of FASCODE is described in Section 4.

In Section 5, we present some avenues for future efforts and summarize
the status of this effort. A series of appendices gives an overview of the
FASCODE structure as well as complete documentation of the new routines in-
volved. One of these appendices provides a User's Manual for some sample
inputs and outputs.

——
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2.0 LINE SHAPE — VOIGT PROFILE

To calculate spectral absorption contours for the types of absorb-
ing paths encountered in the atmosphere, extensive consideration must be
given to the spectral line shape. For atmospheric paths at lower altitudes,
the spectral line shape within ~5 cm'1 of the line center is given satis-
factorily by the pressure broadened (Lorentz) shape. Beyond .5 crr.'1 it has
been shown that the shape is dependent on molecular type as has been dis-
cussed by Burch[A]. Winters et al[S] and Clough et a1[3]. At high altitudes
(low pressure) the line shape is due to thermal motion resulting in the
Doppler 1ine profile. The acitude above which the Doppler shape is valid
is dependent on the wave numpber of the transition, the temperature and the
molecular species. Between the domains for which the Lorentz shape and the
Doppler shape are valid, the Voigt line shape must be utilized. Although
the Voigt profile was originally derived for the case where broadening was
due to natural broadening and thermal motion broadening, it is applicable
in the present situation, since the shape function is the same for natural
as for pressure broadening. This development uses an approximate method
for the Voigt profile that is sufficiently accurate for most atmospheric
problems and requires substantially reduced computer time compared to pre-
viously described methods.

The absorption coefficient for a pressure broadened line, AL(v),
as a function of the wave number value of the radiation field, v, the
transition wave number, Vg intensity S and half-width, a s (half-width
at half maximum: HWHM) is given by the Lorentz function,

S %
A (\)) = =
L " aL2 + (v - \)0)2

(2.1)

The pressure broadened half-width, o » is a function of the absorbing and
broadening molecule types and the vibratibnal-rotational states involved
in the transition. The theory that has proven useful for calculating
pressure broadened half-widths is due te Anderson[6], as implemented by
Tsao and Curnutte[7]. The variation of the half-width with temperature

13




A

)
§
L
t
:

E--««-—-" O A it 14 e -

and pressure is given by the relationsnip

T\
o (PT) =y Py Ty) (p';)('f") (2.2)

The half-widths on the AFGL line compilation are for Po “ 1 atm, To = 296K

and are typically of the order of 0.08 cm“{atm. The simpiest theoretical

result for the temperature dependence of tha half-width gives XT * 0.5, .
Recent celculations and experiments indicate that a higher value of XT i3
more appropriate, by - 0.7% (Benedict) (8], The absorption coefficient for
a line broadened by thermal motion is given by the Gaussian function in
terms of the Doppler width, aps (HWHM) as

u \&
AD (v) = V.[:r % oxp [_ (2n2) (2‘%:‘9)] (2.3)

where

/2
ap « 0 .2 m?_')sl (2.4)
¢ W, '

For the half-width, ape to be given in cm‘l at temperature T(°K), ¢ is the

velocity of light tn cwm/sec, k is the Boltzmann factor in erg/deqg. No s
Avogadro's number, and M {s the molecular weight of the molecule type in
Qr.

Both functions have been defined such that the functional value at
one half-width from the line center is one-half the function value at the
line center, that {s

A(U *ﬂ) %’

— YQ;T_,“.
A Vo

It is also important that the integral of both functions ylelds the line
strength, that is

(2.5)

14
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S -f A (v) dv (2.6)
-0
For the purposes of this development, and in order to utilize the
algorithm developed by Clough et a'l”], it will be useful to define a di-
. mensionless argument for the l1ine profiles,
VERV
- 0
. 2 5 (2.7)
so that the Lorentz profile is given by i
1 § 1 -V "V
A (2) = > > — with z = (2.8)
L T 142 il
and the Doppler profile is given by
. |/EZ S 2 = 2V
AD (2) - EB exp [- (en2) z ] with z = ™ (2.9)
The integral and half-width properties take on the following form
o»
S -f A (z) adz (2.10)
-
and
' 1
’ Alz = 5
D .
Several excellent programs have been written to calculate the Voigt
line profile which may be regarded as the convolution of the Lorentz function 3
15
]
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with the Gaussian function (J.H. Pierluissi, P.C. Vanderwood and R.B.
Gomezlg]; S.R. Draysonllo] and B.H. Armstronglll]). For the application
of performing line-by-line calculations for a multi-layered atmosphere
involving large numbers of spectral lines, these methods require a pro-
4 : hibitive amount of computational time and provide more accuracy than is
gererally required for such problems. Approximaticns vor the computation
of the Voigt profile have been suggested by Nhitingllz] and Kielkopfllz]. .
The method describad in the latter two papers involves approximating the
Voigt function by a weighted sum of the Doppler and Lorentz functions. It
is an extension of this approach that we have utilized in this development.
d ; The startingpoint for our approximation to the Voigt function is

i the definition of a Voigt parameter that is simply calcuiable and is well
behaved in the Lorentz and Doppler 1imits. For a spectral transition with

a Doppler width, aps and a Lorentz width, . we define a Voigt parameter,
T, where

PERPE TS PHICCIR A Y

LedkI

L = (2.12)

R
=,
+

jo
(=]

In the Lorentz and Doppler limits respectively we have, %

; =0 o << ag (Dopplier Limit) (2.13)

and
r=1 o >> ap (Lorentz Limit) (2.14)

The definition of a Yoigt half-width, o, is now required to proceed with

our program. This definition is made consistent with the definition of th:o '
half-width for the Dcppler and Lorentz functions; it is the half-w.dtl at
half inaxim:m of the Voigt function. An excellent approximation has been
givan by Kielkopf in terms of the Lorentz and Doppler widths,

16
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a 2 1/2
av-—%‘~(1+e)+[l' T +a§] (2.15)
with € = 0.0990 &n2.
In order to utilize this expression in terms of g, it ic necessary
to consider the determination of a, in two domains of :
a, = ayp{z) < ay 0.0 <t <05 (Doppler Regime) (2.16)

and

a, = ay (€) + @ 0.5<¢<1.0 (Lorentz Regime) (2.17)

The quantities, avo(c). and ayL(c), may be obtained from Equation (2.15)
in terms of [ as

1/2
2 2
i)+ gte () (r82)+ [(59) (r5<) o
0. < ¢ <05 (2.18)
and \ 172
ay, (z) 'at= (1 +°) + (1*5-—3-) + (—1—;—3)
(2.19)

The largest error in the determination of the Voigt half-width using Equation
(2.15) is < 0.02%. Values of 3yp With 0.0 < ¢ < 0.5 and for ay, (£) with

0.5 < ¢ <. using Equations (2.18) and (2.19) are determined for equally
spaced values of 7 separated by 0.005. Plots of ayp and ay 3s a function

¢ appear in Figure 2.1 and Figure 2.2 respectively. This error is not as great
as that incurred in using values of ayp nd 3y at discrete values of r for

17
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Figure 2.2: Plot of ayL Vs. ¢ (0.5 < ¢ < 1.0).
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values of ; intermediate to those tabulated. For most physical problems,
the errors involved in the present method of determining a,» are less than
the errors in tne values of o and o themselves, If it is desired to have
more accurate values of %p and Oy » the Voigt program of Armstrong can be
utilized in an iterative procedure. In general, only one iteration is re-
quired o give a high degree of accuracy.

\ The Voigt function may now be approximated as a weighted sum of
Doppler and Lorentz functions of widtn, Gy s

A2, aye 2) = (1 - €it)) Aglays 2) + C(2) A (a,» 2) (2.20)

with Z = (v - vo)/av

This definition preserves the integral property d -ired: that the integral
over Z gives back the line strength, S, since C(z) is independent of 2 and
the two functions, AD and AL’ are themselves normalized to the line strength.
Consider

f AV(C. ays Z)dz=(1 - C(c))/ AD(av. Z) @, dZ

" (2.21)
+ C(c)f A (o, 2) o, dzZ,
- 00
and
= {1 - C(z)) S+ C(z)S (2.22)
so that
=S (2.23)

The remaining probiem is the determination of the weighting constant, C(Z).
In References [12] and [13] analytic functions have been given for

20
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the constant C(g) as 2 function of Voigt parameter. The difficulty with
the pro sdure outlined trere is the large number of operations reguired to
attain C(g) from the analytic expressions given. The most straightforward
way to proceed is to determine the numerical function C(z) for the same 201
values of ¢ used to determine the Voigt width. Rather than using the
analytic expressions given in References {12) and {13] a least squares
procedure has been used to determine C(g) by minimizing the weighted sum
of the deviations squared, 02. as obtained from Equation (2.20),

o - I *c(;) [A Gy 23) = g Gy 2))]
2 (2.24)

- [Av (e e 23) = Ap (o Zi)]‘

A1l the quantities have been defined except the weighting function N1 and
the grid of points represented by Zi. Some experience indicated that the
weighting scheme which presented the best compromise between error in the
central portion of the lire profile and the line wing was obtained by set-
ting the weight to the inverse of the Voigt value, that is

Wy = 1A (T o 24) (2.25)

A more obvious choice would have weighted the deviations inversely as the
square of the Voigt value to maintain nearly constant percent error acress
the line profile. It was deemed more important to maintain a smaller per-
cent ervor for the larger values of the function near the center of the
line. The points were chosen at equally spaced intervals over three dif-
ferent domains for reasons that will be discussed later. The grid was
chosen as follows:




i= 1.19 71 = 0, Z2 = 0.25, eoocee, 219 = 4.0
i=20, 30 120 = 5.0, 221 = 6.0, sr0oee, 230 = 16.0
i~31, 41 231 = 20., I3y = 24., cocc, Iy = 64.0

The results obtained for t-o consiant, C{g), are showa in Figure 2.3 as a
function of 7. The values are determined at the same 201 values of ¢ in
Figures 2.4 through 2.8. Tha continuous curves are the result of the Arm-
strong Voigt program and the x's are the values obtained from the least
squares procedure. For g = 0 and 7 = 1 the Voigt function is exactly repro-
duced as a required result of the method. The results are given on a
Yogarithmic plot in order to give perspective to the value of the function
for which the percent errors are the largest. For ¢ = 0.05 to ¢ = 0.3, the
percent error in the wing is of the ordes of 22 percent, but these errors
occur for very small values of the function. Another region of moderate
percent ervor is at Z = 3 half-widths for this same range of zeta. The
largest percent error in this domain is ~ 8% for zeta < 0.2.

As indicated earlier, these results are sufficiently accurate for
most atmospheric applications. As suggested by both Whiting!12} and Kiel-
kopflla]. an error functicn can be added to reduce this remaining discrepancy
to negligible proporticns. Some discusiion of this will appear in a subse-
quent section.

The method for approximating the Voiyt profile has been ceveloped
2 this development must now be incorporated into the algorithm for comput-
ing spectral absorption coefficients outlined by Clough et al[3]. The Voigt
function has been obtained as a weighted sum of the Doppler function and
the Lorentz functiwi. For ,urposes of convulving the approximate Voigt pro-
file with the spactral iine data, we consider Equations (2.8) and (2.9).

In Reference [3] the slow convergence of AL(z) has bee:. discussed and a
method was weveluped to reduce computational effort for perform?hg the con-
volLtion. Fortunately, the Doppler shave has very rapid convergence to zero
as a function of the argument, :-. The domain of the argument, z, for which
values of the uliction Ag(z) need to be considered are limited to |z| less
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than four {|z| < 4), noting that Ay (z=4) =7.7x 1078, The normalized

function for the Doppler line profile is éiven by
G(z) = b/ggz-exp [- (2n2) 22] (2.27)

It then is appropriate to decompose the Lorentz function AL(z) into
three domains of 2z,

and
0<z<64 (2.28)

~ This decomposition is performed in a manner similar to that described in
~ Reference [3]. A quartic function is defined over the domain 0 < z < 4
where

R O (2.29)

The normalized Lorentz function, L, is
L = -1; ————-2 ] (2030)

The coefficients of the quartic are chosen such that for the function (L - Ql)'
the value and the first and the second derivative are zero at the boundary,
Zb. For the first function, Zb = Z1 = §. These constraints are achieved by
the following relations

2

a= (1+322+3 201+ 22 (2.31)
b= - (1 +3 22)/(1 + 22)3 (2.32)
1 b b 2.
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C1 1/(1 + Zb)
Similarly, a second quartic function, Q? is defined such that for function
(L - 02), the value, the first and second derivative are zero at the bound-
ary 7, = I,. In this case Z, = 7, = 16. In the region from 16 < |Z| < 64
tiie function utilized is the Lorentz function itself. The procedure is mori
obvious in tabular form:

DOMAIN
Functina 0<|z2l <4 0<|Z] <16 0< |z} <64

{Doppler)

Xp(z) G(z) 0 0
(Lorentz)

X 4(2) L(z) - Q;(z2) 0 0

X 5(2) Q;(2) - Q,(2) L(z) - Q,(2) 0

X 3(2) Q,(2) Q,(2) L(z)

Note that the Doppler function spans the same domain as the first decomposed
Lorentz function, that the functions XLi sum to L(z) in each domain and
that the functions are continuous across the domain boundaries.

The four functions that will be utilized to reconstruct the Voigt
function are shown in Figiire 1.2. The functions are tabulated at 201 values
of the argument |z| over the domain valid for each function.

The total expression for approximating the absorption due to the
Voigt profile is given by

30
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A, (Cs o, z) = 53'3 (1 - C(C)) Xy (2)

(2.34)

This may be separated into three functions where

Ay (e s 2) = 55; (1- c(z) Xplz) + Clz) X4 (Z)%O < lz] 2 4,

AVZ(C’ oy z) = ‘&‘; C(z) XLZ (z) 0< lzl < 16,

A3(Ts oy 2) = a—sv C(z) X 4(2) 0 < |z| < 64.
(2.35)

The sampling interval established in Reference [3] i dicates that A, is

Qa
sampled at intervals of —%—, sz at intervals ays and Av3 at intervals of

Vi

4 - oy« This sampling scheme results in each function being sampled at 33
values. The results of the convolutions over the three domains are stored
in arrays FF, SF and VSF. The saving in computationai effort results from
two principal reasons. Only 99 values are required to describe the Voigt
function over + 64 half-widths. The composite spectrum from the three arrays
(FF, SF, and VSF) is constructed only after the convolutions have been com-
pleted for all the lines in a given spectral interval. This latter print

is one that was not sufficiently'stressed in Reference [3)}. The implica-
tion of this technique is that not only is the grid of the function fine

in the region where the function is varying rapidly and coarse in the region
where the function is varying slowly (actually there are three discrete
sampling intervals), but that the vaiues for intermediate points are not
calculated until after the contributions from all the spectral lines have

31
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been determined. This is achieved by interpolating the VSF array into the
SF array, and the SF array into the FF array yielding the. final results.




3.0 TRANSMISSION THROUGH THE REAL LAYERED ATMOSPHERE

The HIRACC algorithmls] as originally reported by Clough et al com-
puted absorption coefficients for a given path through a gas. The thermo-
dynamic properties over this path were assumed to be consti nt which enabled
the definition of a constant sampling interval over the spectral region of
interest. The path itself was defined through input in the form of column
densities of the appropriate molecular absorbers together with the temper-
ature and pressure. We note that column densities are the required units
for the AFGL tape.

At first glance, it might appear that calculations of the spectral
absorptance (or optical depth) in the real atmosphere would require only the
definition of the proper values of these column densities. However, one
must take into account the variation of thermodynamic properties along the
path as well as the fact that certain absorber molecules, such as H20 and 03
are not uniformly mixed at all altitudes. For example, ozone concentration
peaks in the stratosphere. When a calculation of the optical depth at a
higher altitude is required, one must take into account the fact that the de-
creased pressure implies a narrower line width. Indeed, as one goes from sea
level toward space, the line shape profile passes from almost pure Lorentz to
pure Doppler. If one uses an improper sampling interval to calculate the
spectral absorptance, it is clear that important absorption features can
easily be neglected, thus yielding incorrect results. Therefore a prdper
calculation of absorption over a path traversing a large region of the atmo-
sphere will require an appropriate variation of the sampling interval with
altitude. One could, of course, use the small sampling interval required at
high altitude layers for all layers, but this would require unnecessary cal-
culations at the lower altitudes.

In order to use the HIRACC algorithm with as little modification as
possible, we have taken the approach discussed by McClatchey et allla] and
approximated the real atmosphere by a series of layers, each defined to have
constant pressure and temperature and appropriate values of the column den-
sities of the absorbing molecules. Clearly such a decomposition is not unique
and requires the user to exercise some care in defininy the atmosphere as will
be discussed below. While this arrangement may demand a certain degree of
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sophistication of the user, it is judged th .ais solution will enable a user
to be more flexible in changing from one rr¢ .am to another than he would be
if the program were tied to a given atmospheric mnedel.

The basic structure of FASCODE is then a successive application of
the HIRACC algorithm for successive atmospheric layers with an apprcpriate
merging of the results. For convenience, the HIRACC Program reported in
Reference [3] has heen left almost unchanged except to wodify it to subrou-
tine form and to include the Voigt line shape profile described in the pre- .
vious section.

: The merger of the abscrptance for two different layers is performed
: in the following manner. The results for the first layer are computed and
written to disk as described in Reference [3]. (We remind the rezader that
the HIRACZ algorithm processes the spectral absorptance in "panels", namely
in groups of data defined at wave numbers separated by a sampling interval.
E Typically there are 2400 gquantities in a panel but a panel may be shorter

at the end and beginning of the requested wave number interval.) The reso-
lution at which the first layer is to be calculated is determined by the
sampling interval criterion described by Clough et 31[3], namely one-quarter
of the average half-width of the lines. The next layer to be computed may
have pressure and temperature sufficiently different such that a new sampl-
ing interval is required by the sampling criterion. Let the sampling inter-
val for the first layer be DV1 and that for the second, DV2. In the initial
development of FASCODE a decision was made to 1imit the program to specified
ratios DV1/DV2. Note that since the pressure in the atmosphere is a mono-
tonically decreasing function of altitude, the average half-width of a

t+ al Lorentz line profile will decrease as the calculation proceeds from
t. ower to higher altitudes. Thus the sampling interval determined using
the riterion of Reference [3] will also decrease as the calculation proceeds
to the higher altitu.es, until the pressure no longer remains the principal

deter: i1ing factor. This will occur at altitudes where the Doppler width .
becomes dominant in the determination of the half-widths. Su-h effects are
alreauy included in the Voigt iine shape profile model discussed above. In .

addition, the Voigt model provides a proper treatment of the transition region
at those altitudes where neither the Doppler nor the Lorentz profile is
appropriate.
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In general then, the sampling interval is larger at lower altitudes
and smaller at the higher levels. This implies that a calculation which
proceeds from the lower to the higher layers is more efficient since one
would not have to perform the caiculation of the lower layers at the small
sampling intervals required by the narrower line shapes at the higher alti-
tudes. Therefore, in FASCODE, the HIRACC algorithm is implemented by start-
ing at the lowest layer (highest pressure) and proceeding to higher layers
(1ower pressures).

Since the decision was made to limit the number of ratios nf the sampl-
ing intervals between two adjacent layers, FASCODE resets the DV of a new
layer to the nearest allowed ratio. Note that the user must be careful to
prepare the atmospheric input with a sufficient number of layers so that the
criterion for the ratios is met. This is not a difficult condition to meet
and it is discussed in detail in the User's Manual in Appendix B. In principle,
the restriction to a fixed number of ratios is not necessary. This was dis-
covered late in the development of FASCODE, but was left for future effort.

We shall discuss this briefly in the final section.

The computation of the second layer then proceeds using the HIRACC
algorithm with the reset value of the sampling interval. The new results
are also written to disk, by Subroutine PANEL, using a different file nane.
Having obtained the spectral absorptance for each layer, one now needs a method
to merge the two results such that after the merger one has the absorptance
for a path through both iayers defined at the resolution of the higher layer.
This is obtained by interpolating the "old" or coarser resolution vesults
into the "new" or tiner resolution values of the spectral absorptance. A
simple four-point Lagrangian interpolation scheme proved adequatellSI. This
is summarized as follows: If f(x) is a function defined numerically over a
given region with a constant increment h, then the value of the function at
some point (x  + ph), where p is a real number (-1 - p < 2), is approximated
by the relation

= {
f(x0 + ph) A_lf_1 + Aof0 + Alf1 + A2f2 (3.1)
Here fn is the value of the function at (x0 + ph) and the constants are given
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by the relations

Ay =-plp - 1) (p-2)/6 (3.2)
A, = (B0 - 1) (p- 272 (3.3)
Ay = -plp + 1) (p - 2)/2 (3.4)
A, = p(o® - 1)/6 (3.5)

The number of allowed resolution ratios was chosen in the following
manner. First it was required that the old ano rew adsorptances should be
aligned at some running values of the wave nunber at least. This iaplied
that the ratios were to be ratios of integers. For further simplification
it was also requirea that the ratio be of the form (N + 1)/N. In addition,
one must include the case where the sampling interval does not change, namely
a one-to-one ratio. After some experimenting with larger values of the in-
teger N, it was found adequate to limit the number of ratios to the following:
2/1, 3/2, 4/3, 5/84 and 1/1.

The interpolation is then performed by identifying the cuantity Xo
in Equation (3.1) with the next lowest wave number of the old array below
the value needed for addition to the new array. The interpolation is char-
acterized by an index (called ITYPE in the program) which is the number of
points needing interpolation between the wave numbers which co-align in the
two arrays. This will be clear after a glance at Table 3.1. For the 1/1
case (straight add) no interpolation is required and the index is zero. For
the 2/1 ratio, one point must be interpolated and ITYPE=l., The remaining
schemes are quite clear. The value of the index')TYPE is used to determine
the values of p in Equations (3.2) - (3.5) and then in turn to compute
arvays of the interpolation constants Ai for interpolating the vaiues between
the co-aligned wave numbers. The remainder of the merging algorithwm consists
in bookkeeping to access the two disk files containing the panel data for
the old and the new layers. In addition, the merged results are also written
to a third disk file for .erging with the next layer. The procedure is
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then continued until the final layer is processed.

In order to test the merging algorithm, the following procedure
was devised. The calculution was per¥formed as described above except that
the spectral absorptance calculated for each layer was replaced by a known
function of simple form. Consider the case where the absorptances from two
layers are merged. If o is the lower boundary of the frequency range of
interest and Avl and sz are the sampling intervals for layers 1 and 2 re-
spectively, (Av1 2 Av, by assumption) then the test is made by replacing
the calculated optical depths in each layer (e.a ., Ty ano 12) by the
expressions

Ty SV, t (j1 - 1) Av1/2 and 1, = v, + (j2 - 1)Av2/2 (3.6)

| where j1 and j2 are running indices which give the number of frequencies
ﬁ at which calculations have been performed, i.e., the lower bound wave num-
ber is j = 1 and the upper bound is j = ny where ny is the total number of
frequency values in the region calculated.
; The array 7, is to be merged into the finer spaced array Ty call
; the merged result T2 and let j be its running index. From Equation (3.6),
i | it follows readily that

|

lrlz (J+1) - T12 (J)l = A\)z (3.7)

A provided the merging process is correct. Since the interpolation invoived
cannot be expected to be exact, the following test was made for all values
e of T,

“ |T12 (J) - T12 (J - I)I/AVZ < 10-4 (3-8)

_ If this inequality was not satisfied the program was directed to print this
5 fact together with the associated parameters.

This testing procedure was followed and the ineguality (Equation
(3.8)) was found to be satisfied at all points except at the lower and upper
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bounds of the wave number interval. This was due to the problems of starting
and stopping the Lagrangian interpolation 'when poirts are not available. A
simplified interpolation scheme was chosen at these boundaries which did not
have sufficient accuracy to satisfy the merging criterion in Equation (3.8).
This is not a problem however, since the YIRACC algorithm[3] automatically
expands the requested wave number region by a small amount in order to assure
that all lines which contribute to a wave number interval are included. Thus
we conclude that the merging procedure does pass our criterion. The extension
of this test to more than two layers is straightforward. In Equation (3.6),
the factor 1/2 is to be replaced by 1/N where N is the number of layers.

The next test of the algorithm required the calculation of a case
for which another high-resolution calculation has been performed. For this
purpose, the calculations done by Kyle at NCAR were selectedll&l. Kyle per-
formed a multilayer atmospheric transmission calculation in the wave number
region (1-2600) et He used the AFGL tape, a Voigt line shape truncated
at 5 c:.m'1 from the line center and a model atmosphere based on the AFGL mid-
latitude summer profilella]. The atmosphere he used is given in Table 3.2.
We note briefly that Kyle's results were degraded in resolution by convolu-
tion with a trianguiar instrument scanning function with full width at half
maximum of 20, 5, and 0.1 cm'l. Since FASCODE did not as yet have this fea-
ture, we compared directly with his highest resolution graphs. It is also
noted that Kyle's atmosphere had to be modified to fit the ratio criterion
mentioned above. This was done by defining additional layers where there
were larger altitude gaps in Kyle's atmosphere. We show the resulting atmo-
spheric model in Tetle 3.3. We limited ourselves to the wave number range
(2000, 2200) cm'l. This shall be referred to as the test problem.

The results of the calculation for our test problem are shown in
Figure 4.2. The spectra obtained by FASCODE are in entire agreement with
those obtained by Kyie. We delay further discussion of the results until
the next section in order to present transmittance and radiance results at
the same time.

BT g P

i
¥
i




a
5,

Ay, o

S e v v -

p oo s

VTR AR o i [ T

ks D " e M imndns oS e

e s e e L T AL T S

S3inbiy dy3 uL papn(duL Jou St IpnIL3le Styj
leuoiitppe ue 0s ‘uorjewitxouadde a3Aef ajburs e a0y abuae| 003 sem abues unssaad

"qu §°6G 3@

pappe sem Jafe|
QU Z2°€1-25T 3Uls

i ot A g (PN L 1T Sl et e bwt T e d o e e e g
it e i i £ T T T T =

R A
w01X6S°2 «01XB6"1 ,OIX92°6 OIX6E°E O0IX09°8 &0IX80 ¥ ,01X00°T 65¢ 00°0 8°0 ¢S 9
201X91°S HOIXE6 € HOTXYB T 0IX9L°9 HOIX0L 9 &OIXIT 3 ,0TX0L°E G/2 890 SL'T GF S
z0IX86°9 5 01X2E°S OIX6Y°2 O0IXSTI°'6 ,O0IX00°Z &O0IX01°T ,01%0%°9 29¢ SL°T 2¢€°¢c Of 14
Z201X0F° ¢ 4OTXSE € HOIXLS T HO0IX9L"S &OIX08' 1 ¢OIXI6°9 &O0TX0p°9 Iv¢ 2¢°¢€ c¢'e1 0¢ »d€
201XG0°2 "0IX9S T o 0IXYE L ,01X69°2 £OTX0Z'¥ OIXEZ'E s 01XL8°1 €¢¢ Z2°El 768 Y€
g0IXCT°Y qOIXVI°E LOTXLY"T ,O0IX6E°S &O01X06°1T OTX(P°9 0IX61°T 91 v°6S ‘ST I e
0IXT1°2 OIXT9°T ,4O0TXSS L OIXLL°2 O01X09°1 0IXZE°€ LOIXIT'1 6v¢ 251 829 ¢ [
% T 02 o°N %o %03 o%H (3.) qu) ()
— “due ] abuey 2y 43407
AN_.O\mm—:uo—oE 4947 UL SA|NJI|OW 4O 4BqQUNN dUNSSdAd
[91]13TA¥ 40 SNOILVYLINJWOD JHL NI Q3SN SY3AVT JIIUIHASOWLY °2°€ 378YL

40




‘N.m“
&
7z

K

N s C L LR A

A

e

SR

T R T T O P

2243662° (T+3861° GT+3826° OT+39pe™ [I+38T1° 61+380v" /I+3S/%° ‘562 w2 ot
2243966 [1+360p° OT+3261° 9T+39T/° [1+3099° 6T+3pb8" 81+3652° 192 951°1 6
22+3017° /1432tS° OT+3pS2° 9T+38y6 8I+3€S1° 0Z+32T1° BL+3T6Y” ‘€9z 15572 8
24380y ST+IZpe’ L1+3091° [1+3865° 61+3921° 02+3S0L° 61-3660" ‘¢b2  OvE'S L
p2+3602° 6T+36GT° [1+39b/° B8T+36/2° 6L+3TEE” 12+382€" 0Z+3ecl” ‘22 £09°9¢ 9
pz+3661° 61+43221° [1+30/6° 8T+3€1Z° 61+3801° 12+3152° 61+3505° 2 Lzl S
b2+3/S2° 61+396T° [I+3616° SI+Icpe” 8I+358L° T12+3p0p" 6T+319L° ‘91z 00G'¥el ¥
2243866 6L+3P0E° SI+32p1° BI+43TES" BI+IGES" T2+3929° 02+3289” ‘€22 195°L61 €
yz+43G18° 61+43229° 8I+3262° 61+3601° 8I+36Sy° 22+3821° 22+3S9T° ‘cvz  wI8'2EE 2
bz+3068° 61+3€89° SI+3026° 61+3021° ©1+3192° 22+3Thl 22+38L6° ‘92 [58°Se6 1
%o T 09 0N € %09 0%H (%) (qu)
(Lwd/sa|nda|ow) J4ake] uL SI[NIB[ 0K JC 43NN oL sdnssag Sofe
¢ . |

W31904d 1S31 JHL NI @3SN SY3AYT JIY3IHASOWLY "€°€ 318V.

41




4.0 RADIANCE FROM AN ATMOSPHERE IN LOCAL THERMODYNAMIC EQUILIBRIUM

If one assumes that a given infinitesimal volume of a gas is in
local thermodynamic equilibrium (LTE) at some temperature, it foilows that
whatever amount of radiant energy is absorbed by this gas, an equal amount
of energy must be re-emitted in order to maintain the equilibrium state.
Furthcnore, the spectrum of the radiation re-emitted will be determined by
the black body or Planck function using Kirchhoff's law. This LTE model may
be expected to be more nearly valid at the lower altitudes where collision
frequencies are quite high. At the higher altitudes (2 2% km), one should
expect non-equilibrium effects (NLTE) to be important. Indeed, Degges[17]
has been developing a comprehensive NLTE atmospheric radiance model for a
number of years and other workers have studied the high altitude problem as
well[lal. The FASCODE Program could also be used for the NLTE case if vibra-
tional or rotational temperatures and/or populations of states at higher
altitudes were read in. Such data could be prepared by programs such as
Degges' work.

Despite its shortcomings at higher altitudes, a LTE atmospheric
radiance mod-:1 can be very useful not oniy in the l¢y altitude regime, where
it rests on solid footing, but also in the higher regions where one may use
it to characterize the degree of deviation of the NTLE situation from the
equilibrium case. A number of workers have prepared LTE radiance models among
which we want to mention the recent extension of the AFGL LOWTRAN model to
include a radiance calculationl?},

In this section we present the algorithms implemented in FASCODE to
enable the calcuiation of atmospheric radiance along a given optical path
assuming LTE along that path. To provide the most efficient calculation of
the radiance, it was decided to calculate its value layer-by-layer along with
the spectral absorptance calculation describted in the previous section. It
should be noted that the radiance of a path proceeding from Tower toward
higher levels is not the same as that for the same geometrical path proceed-
ing from higher to the lower layers. Figyre 4.1 presents a sketch of two
such paths, space-to-ground (Figure 4.1a) and ground-to-space (Figure 4.1b).
A four-layer atmosnhere has been shown for simplicity, each layer being

labeled by the 12tter A, B, C, or D. The boundaries between each layer have
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Figure 4.1: Sketch of the difference between a path looking up and one
looking down.
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been numbered from 1 to 5 where 5 is the ground at temperature at 8_. The
temperature of each layer is called 91' 41 where i is one of the labels for
the doundaries. The transmittance contributions between any two boundaries
are defined as T1J where 1 and j are boundary indices.

Consider now the equilibrium radiance from Layer A to space in Fig-
ure 4.1a. Using Kirchhoff's law this may be written as

i W\‘“‘W'{‘T‘ I TR U L 0Ny MM T 6 i IR et g R & e e e gt e g A, gy BT SN IR 1T i R AT
? \

[
where P is the Planck function and v is the frequency in cm'l. Proceeding
to the next layer the contribution of this layer to the radiance observed in
space is
RB-S z Tlg(l - T23) P(623. v) (4.2)
and the rema ning two layers can be written as
Re.s ™ Tra Tz (1 - Tyq) Ploggs )
(4.3)
= T13(1 - T45) P(934; \))
and
Ro.s = T1z2 T23 T3a(l - Tag) Ploggs V)
(4.4)
= T,4(1 - Tyg) P(8ygs v)
Finally the contribution of the ground is
= 7 = ! 5)

The total radiance is then the sum of all these .erms. Extending this to
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the case of n layers with n + 1 boundaries we can write

(down)
R = T (1 - T ) P(ev y \)) (406)

T P(en\‘l'\’)

where now en+1 is a temperature characteristic of the last boundary. Note
that in general, this is not necessarily the ground. (It shall be noted
T..= N T ,-) Also, it is not required that the spectral distribution
1J 0 ey ke k4

at the toundary be given by the Planck function. An arbitrary spectrum or
one characteristic of a particular type of radiating boundary may be substi-
tuted for the (n+l)'st term.

Turning now to the other case, looking up, we can write the foliow-
ing expression for the contribution to the radiance from each of the layers

-]
[}

5.4 = (1= Tg5) P(64c, v) (4.7)

Ra-g = Tagl = T3p) Plogy, V) (4.8)

Ryp = Tag Ty (1 - Tpz) P(Bp5s V)
(4.9)

and
Roe1 = To3 T3 Ty (1 = Tqp) P85 V)

(4.10)
" Tos (1 - Tpp) P(8350 )
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Again, the total radiance is the sum of the individual terms for each layer
which may be written as

é (up) n-1
: R =

= T 1-7
(total) f=p M-T» 10 (

n-i-1, n-i) P(en-i-l. n-i’ v)

(4.11)
* Ty, e P8 V)

where we have implicitly defined Tl,l = 1 for convenience. To present a radi-
ating boundary at the end of an upward looking path, such as a cloud or the
Zodiacal 1ight, one may add the same type cf boundary radiating term as dis-
cussed for the downlooking case. An upward looking boundary has not been
included in FASCODE as yet but a user can readily add one if it should be X
required. A glance at Equations (4.6) and (4.11) is sufficient to see the -
difference between each case. ‘

The expressions in (4.6) and (4.11) are convenient mathematical repre-
sentations of the algorithm but for computational purposes it is more usefui
to represent the algorithms such that they manipulate the new increment to the
transmittance for a given layer i, and the radiance and total transmittance
accumulated up to that layer. As was mentioned in Section 3, the calculation
proceeds from the lowest layer to the highest in order to minimize the time
for merging. If ATi is the incremental transmittance, E(i) the radiance and x
P(i) the Planck function, the radiance and transmittance after the ith layer
has been traversed are

E??s) = E(Qﬂi% + (1 - ATi) P(i) - T(i-1) (4.12)

and

- (down) (down)
E(3) = AT1 E(i-1) + (1 - ATi) P(i) (4.13)

for the radiance looking up and looking down, respectively. Th~ transmittance
is clearly given by the relation (for both cases)
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T(i) = AT, T(i-1) (4.14)

The boundary radiance is frequently not a function with very fine
spectral resolution. Thus, for the lookingdown case, the most efficient pro-
cedure is to compute the boundary radiance at the coarse resolution of the
i; lowest layer and include it with the radfance of the first layer (modified by
;wf the transmittance, of course). This will then be properly carried along through
j;: the remainder of the calculation. For the case of a radiating boundary at the ’
. upper end of a path looking toward space, it is simplest to add the contribu-
, tion from the boundary after all calculations have been performed modifying -
a it by the total transmittance computed for the path. As mentioned above,
1 : FASCODE at this juncture does not include coding for this second case, but
|
|
%

NPT XTI
s er M DR

s o
o et

PR TR TR

does include a radiating boundary at the end of a down-looking path.

In order to speed up the calculation of the Planck function the fol- |
\ lowing procedure was followed. For each panel, the black body function is
:i computed and the results stored in an array with separation of one wave number.
i' The value needed at a given wave number is obtained by interpolation which is
performed only when the value of the Planck function can be expected to have
changed sufficiently to warrant an updated value. If the Planck functicon is
written

P(v) = AV (e5V - 1)71 (4.15)

where v is in wave numbers and s = C2/6, 6 being the temperature, and Cz
the second radiation constant (1.4388). Taking the derivative with respect
to v we may write

®.d [3 - (sv) (1 - V)1 (4.1€

If one takes |AP/P| N 10'4, the increment at which one should interpolate to

obtain a new value of the Planck function is easily computed. This alleviates
the need to recalculate the Planck function unecessarily.

n I e T F e ¢ LT TR P T TETTT
it e e A e T e we T et -
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The implementation of this aigorithm for LTE radiance in FASCOCE is
.ontained in two subroutines, EMUP and EMDOWN, for paths "looking" up toward
‘pace and "looking" down toward the ground respectively. An additional sub-
routine vias prepared to compute the first layer (the lowest), EMINIT. In
this routine the possibility of radiation from a boundary was included for
the downward-looking case.

The merging of the results layer-by-layer proceeds in a similar
fashion to that for the absorptance described in Section 3. One difference
is that now one needs to merge two quantities, namely., the radiance computed
and the transmittance as the calculation proceeds from layer to layer. These
quantities are written to disk in two records, first the radiance, followed
by the transmittance. The code accesses the HIRAC. algorithm to obtain the
spectral absorptance panel by panei for each layer. This information is con-
verted to transmittance by exponentiation in either EMUP or EMDOWN depending
on the case of interest. The LTE radiance algorithm is then exercised as the
merging is taking place.

The radiance routines were iested in a manner similar to the merging
test described in the last section. Consider the case of a series of n layers
with a path from space to ground with a boundary at temperature 8. If one
modifies the input data such that each layer has the same temperature as the
boundary, then one can show that the resulting radiance will be given by the
Planck function at temperature 6, a result which is not at all surprising.

The saine result holds for the upward looking case if a boundary is added at
the upper end and the temperatures are all set equal. This procedure was
followed with the results as expected to within accuracy requirements inherent
in t'e athod.

The¢ idiance package has been tested for tne problem described in
T« gprevious section. The radiance results are shown in Figures 4.2 together
wit:: the transmittance for a path looking from space to ground which is
modeled as a black body radiator with temperature, T = 273 K. Note the smaller
range of the abscissa for Figures 4.2(e) and 4.2(f). The ahbsorption features
seen in Figures 4.2 are clearly seen in the radiance profiles as well. The
expanded frequency scale in Figures 4.2(e) and 4.2(f) show this mcst clearly.
Self-reversal ~-n ea. be seen in the radiance for strong absorption lines.
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This is particularly dramatic in Figure 4.2(f) near the band edga of the CO2
(11101-00001) transition.

In Table 4.1 we give the time results of the run made to produce
Figures 4.2. All times are for the CDC 6600 compute: system at AFGL. For
each of the layers of the test problem, we give the altitude boundaries and
the temperature and pressure characterizing each layer. The next column gives
the value of ¢ used in computing the Voigt shapes for that layer. The average
linewidth and the sampling interval are givaon in the columns labeled ALPHA and
OV respectively. The ratios of the sampling intervals are given in the follow-
ing column. The final four columns show the timing for the convolution of the
spectra (CONV), thewriting of the panels to disk (PANEL), the calculation of
the radiance (EM) and the calculation of the transmittance merging (ABS). The
sums of the times for each column are also presented. Note that the total
number of lines processed was 6681. The convolution took approximately 0.7
msec per 1ine per layer. This latter statistic is very meaningful, since it
gives the reader some idea of the speed of the program. The total time for
a transmittance calculation only, may be obtained by summing the totals of
the columns marked CONV, PANEL and ABS (i.e., 102.2 seconds). For the radiance
calculation along the same path, one obtains the total time by summing the
totals of the columns marked CONV, PANEL and EM (i.e., 175.3 seconds).
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5.0 CONCLUSIONS AND RECO F5NDED EXTENSIONS OF THE PROGRAM

For certain purposes it is helpful to use a pure Lorentz or a pure
Doppler line profile instead of the Voigt profile, which takes slightly more
computational time than the Lorentz line shape or the Doppler line shape
alone. For example, a user might have a problem involving only transmission
at the very high layers of the atmosphere, {2 40 km) in which region the line
shape is purely Doppler. On the other hand, one might be interested in
studying a laboratory experiment at relatively high pressures for which the
Lorentz profile is adequate. The addition of the pure Doppler znd the pure
Lorentz cases is straightforward and has been accomplished. The reader is
referred to the program listing in Appendix 3. The revisions which were re-
quired for the pure Lorentz case include:

a. Subroutine SHAPED is not needed.

b. The least squares fits for the linear com-
bination of the two profiles are not neces-
sary (AVRAT, ayn(z), ay, (z), C(z)).

c. A1l program references to the quantity ¢
are deleted.

d. The final result is, of course, similar to
the original HIRACC coding[3]. Here it is
called HIRACL.

For the pure Doppler case, the following differences arise:
a. Subroutine SHAPEL is not used.
b. Delete all ¢ references.

c. Only the FF array is used, VSF and SF are
not needed.

d. The resulting routine is called HIRACD.

Some care had to be taken to assure that the proper indexing is made.
The contributions of the various continuum features have not been in-
cluded as yet[1’2’14’2°]. These features arise from a number of physical




processes such as absorption by atmospheric aerosols, and a variety of mclec-
ular continuum processes for molecules such as NZ’ COZ’ HZO' In addition the
contributions of the lines beyond 64 half-widths must also be included as part
of the continuum contribution. In general, the continuum absorption is a slow
function of wave number and may be directly incorporated into the VSF array.
This operation will not significantly affect the running time of the program.
The line-by-line results have finer spectrai detail than is required
for comparison with some experiments. Some instrumentation (especially that
used for engineering systems) does not have resolution such that the final
spectral detail computed in this version of FASCODE can be resolved. A method
is required for convoiving a given instrument scanning function with the
FASCODE output in order to degrade the detailed results for comparison with
lower resolution data. Work on this aspect is currently upderway at AFGL.

We note that the convolution techniques used in the 1ine-hy-line spectral
synthesis (HIRACC algorithm) may also be applied to a scanning function
convolution.

When the sampling interval is constant from one layer to the next,
and one is not calculating the radiance, it seems clearly possible to devise
a new method which would decrease the running time considerably. This method
would compute at the same time tho spectrum for all of those adjacent layers
which have a constant sampling interval. For example, above a certain alti-
tude where the Doppler line shape becomes dominant, essentially all of the
sampling intervals can be taken to be constant and the merging calculations
for all of these layers can be done panel by panel.

Finally, for applications in systems studies it is recommended that
spherical geometry be added which could account for the fact that the earth's
atmosphere is not plane pa.allel, but rather spherical. With this addition
to the code, the calculation of 1imb radiance would be easily performed and
practical applications could be taken directiy frcm FASCODE.

To illustrate this, consider a remote sensing satellite viewing the
earth on some sight path. If the sight path ends on the earth's surface or
some other surface above the earth such as a cloud layer, no grreat extension
to the programn need be made. One merely needs to program a method for com-
puting column densities of the absorbing molacules for each layer. However,
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for the case of a sight path that i{s glancing, or tangent tc some altitude
above the earth, the nroblem is more complicated.

Figure 5.1 is a sketch of this case. Here "max is the earth-centered
radius to the maximum altitude for which calculations are to be made, and T
is the corresponding radius to the tangent height at Point T. Let A and B be
the points at which the 1ine-of-sight intersects the circle of radius L
First, we consider the case where only the transmittance is to be calculated.
It is ¢lear that the largest sampling interval which will be determined from
the criteria orogrammed in FASCODE, will be found in the tangent height layer
and the smallest will be for the layers ending at the two points A and B.
Thus the optimum procedure will be to start at the tangent height where one
has the smallest number of points needed to characterize the convolved spectral
transmittance. Next, we note that the two paths TA and TB are identical compo-
sitions of column densities. Thus the transmittance from path TB is identical
to that on path TA and the total transmittance may be obtained simply by doubl-
ing the contributions from each layer and computing only one of the two paths
TA or TB. Note that it is the column densities which are to be doubled and not
the transmittance. Also we have tacitly assumed that the atmospheric composi-
tion profiles do not change appreciably alony the path ATB. Since the angle
ACB can be as large as . 20°, this may not be the case. Thus, for example,
the sight path may enter the atmosphere at -~ 45°N latitude and exit at 65°N
latitude and the profiles can be quite different, especiaily for water. This

is a complication which may or not ba important in a given case. No essential

difficulties should occur. however, should this situaticn need to be investigated.

For the radiance calculaticn, it is again best to start at the tangent
part of the sight path. This can be done simultaneously with the TB part cor-
responding to a path looking up and the TA part to & down-looking path. When
the calculations for the two final layers are finished, the total radiance,
RTOT' is computed simply by the relation

Rror = Rra * T1a Rrs (5.1)

whare RTA and RTB are the results of the radiaice calculations on paths TA
and T8 respectively, and TTA is the transmittance vrom path TA. If Paint B

61

L\ oot o wnm thrde nies ek adk (ol miad i e e o b




Figure 5.1:

*m""""‘ﬁ*““\n,n. NI St e v. .

AT TR I e v il TR ” r unrac by

Sketch of Tangent Path Satellite Viewing Geometry.

62

"~



LT 3 RTINS I T YR TR ICHTII S FEWT S TP py RN e P e L T TP
- 4 .~ TR e e P R N

. i i 2L L i e ety ol
T, L AD H0 b TR PN KT LA St - E T TS B YRR YD AR AN PS R pRTIF RPTIT o } !

ek

is not at the sam2 altitude as Point A (for example Point B corresponds to
a target or a cloud), no essential problems occur. One merely stops the
calculation along TA at the altitude of Point B, performs the composition
of Equation (5.1) and continues the calculation to Point A as before, but :
using the value RTOT for the radiance at the stopping point. This method
has not been implemented as yet in FASCODE but the implementation should be
straightforward.
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In this apperdix we present a desqription of the code. For the
reader's convenience much of the documentation of the HIRACC a1gor1thm[3]
has been reproduced here with an occasional modification. In addition, the
new subroutines developed in this effort are described.

The program has been written to use line parameter input data con-
sistent with that contained in the AFGL line parameter tapell]. The line
data has been reformatted onto a binary file which contains the line data
pertinent to the molecules and wave number range of interest. This step
has been taken to keep read time consistent with the time required to per-
form the calculational part of the program. The control parameters are
read from the input file and written to the output file; TAPE3 is the binary
file containing the line parameter data; and TAPE12 is always the binary
output file. The final output and intermediate output files contain a
header record which includes the identification information, SECANT, temper-
ature, pressure, molecular identification, and molecular column densities
of the homogeneous layers. The first record Yor each output panel is a
header record for the pinei which cortains the wave number values of the
first and last absorption coefficient values of the panel, the wave number
increment between output points and the number of output points. The second
record of the panel contains either the array of absorption coefficient
values resulting from the convolution when only absorptance is calculated or
the radiance array followed immediately by the transmittance array for radi-
ance calculations. The current version of the program outputs a maximum of
2400 values per panel; in general, the first and last panel are shorter.

The output file MFILE, and an additional file, LFILE, are used to store the
intermediate data prior to merging the results for the layers. The merged
results are always on MFILE. The file KFILE contains the absorption co-
efficients for each layer. Table Al outlines the tse of these file, and file
labels.

FASCODE has been designed to be used with the CDC segmentation fea-
ture which aliows the program to be run using a minimum of central memory
by loading dynamically only those subprograms which are in use at a given
stage of the code's execution. Using this feature, FASCODE requires only
~ 56 K8 words of central memory. If a user does not have a segmentation
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capability on the machine being used, allowance will have to be made for

a larger amount of central memory. In this case, storage allocation should
be redistributed to minimize total storage requirement, estimated at 77 K8
That is, long extension arrays in EMUP, EMDHN, and ABS should be changed to
unlabelled commur;.

A simple overall structure of the code was obtained. This is shown
schematically in Figure A.1. HIRACV and its associated subroutines perform
the spectrum synthesis of the absorptance. The merging subroutine is called
ABSMRG for the absorption coefficient case. The LTE radiance computations
are performed by subroutines EMINIT, EMUP, and EMDOWN. Subroutine TPLOT i3
an expanded version of the plotting program described in Reference [3], and
it has been changed into subroutine form. Note that FASCODE can be used to
prepare plots directly. Some possible future extensions of the program have
been sketched as dotted lines in Figure A.1. The reader should note that
the modular construction of the code allows straightforward extension and
revisions.

The program consists of the main Program FASCODE: Subroutines ABSMRG,

TPLOT, EMINIT, EMUP, EMDOWN, HIRACV, SHAPED, SHAPEL, MOLEC, RDFILE, CONVFNV,
PANEL, HIRACL, CONVFNL, HIRACD, CONVFNC, and PANELD; and the Function QVRFAC.
The overall strategy of the HIRACV Subroutine is indicated in Figure A.2. Al
the subroutines are called from the main program or from their subdriver (See
Figure A.1) and the flow of the program is easily traced. Subroutines HIRACL
and HIRACD perform the same functions for the Lorentz and Doppler line shape
profiles respectively.

The main Program FASCODE reads the input data and calls each of the
subdrivers shown in Figure A.1, according to the particular run desired as
determined from the input. After initializing constants and reading the
basic parameters tor the run, the program enters a loop for the calculation
of the requested results for each layer. Inside the loop the atmospheric
prope+ties, average temperature, average pressure and absorber molecule
column densities are read from the input file for the given layer. The
proper sampling interval is then computed and an identification header for
the layer is buffered out to KFILE. Note that extensive use of BUFFER IN
and BUFFER OUT is made to increase efficiency. If a user does not have this
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ENTRY

Ilnitialize Program Parameters

T

CALL SHAPEL
CALL SHAPEQJIf

SUBROUTINE SHAPEL

SUBROUTINE SHAPED

- Sets Convolution Arrays
For Specified Line Shapes

|
CALL MOLEC (1) j;

i

=

SUBROUTINE MOLEC (1)
- Initialize Subroutine
Parameters

- Sets Molecule laentifi-
cations

Y

CALL MOLEC (2) J‘ >

-

SUBROUTINE MOLEC (2)

- Sets Vib-Rot. Partition
Sum Factor Depending on
Temperature

- Sets Half-Width Correction
Factor Deperding on Pres-
sure and Temperature

¥
CALL RDFILE i'

SUBROUTINE RDFILE

- Inputs Line Parameter Data

- Sets IDATA=1 If No More
Data Required

Efﬁ Calculation of Spectral Parameters
v - Line Intensities and Widths Cor-

rected to Specified Temperature
and Pressure

»{ SUBROUTINE © NVFNV

~ Performs (i..avolutions

i _
} E O CALL "ONVFNV [&
'} B

e g e

N g Figure A.2: Flow Diagram for HIRACV Subroutine
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Test to Output Panel

YES

CALL PANEL
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SUBROUTINE PANEL

Interpolates VSF Array
Into SF Array; SF Array
Into FF Array

Outputs Panel to KKFILE
Resets Arrays

Sets Indicator for
Calculation Complete

| Test For Calculation Complete
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Y

Test To Continue Convolution

1
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gwl_?}d“‘!?ﬁﬁe“ﬁ" e SRTLSY
1
i

-

Flow Diagram for HIRACV Subroutine (Continued)
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capability, these statements can be replaced by binary read and write state-
ments. Subroutine HIRACY is then accessec to compute the spectrai absorptance.
Once this has been completed, the appropriate merging rovtine is accessed,
unless 1t is the first layer for which nc merger is necessary. For the radi-
ance calculation, Subroutine EMINIT 1s called 0 compute the radiance due to
the first layer. For all other layers, the radiance is obtained by calls to
EMDOWN or EMUP for the cases of looking down and looking up respectivaly.
When all layers have been procossed, the plotting Subroutine TPLOT is calied
if the plot flag has been set by the user, Subroutines SHAPEL and SHAPED set
up the convolution functions used to define the Voigt function from 0 to 64
half-widths.

Subroutine MOLEC in conjunction with Function QVRFAC, makes the
molecular idantifications associated with the line parameter file, and de-
termines the correction factors for the line intensities (SCOR) and the half-
widths (ALFCOR). The quantity, SCOR, is the correction factor due to the
temperature dependence of the vibrational and rotational partition sums. The
vibrational partition sum is calculation for a given molecular type as

N

Q,(1) = | : TSy
1 1 (l R e—h\)ilk'T)d1

where vy is a fundamental frequency and d1 {s the degeneracy of the vibration,
The temperature dependence of the rotatioral partition sum is given by

QlTy) _ (T4 \
EAUE () (h-2)

where F = 1 for linear molecules and 1.5 for nonlinear molecules. The refer-
aence temperature, T , 1s taken as 296 K, consistent with the AFGL Line List-
ing. For further discussion of these topics, see Herzberg‘zl] pp. 503 ff.

The partition sum calculations are performed by QVRFAC and the racessary
molecular parameters are contained in data statements in Subroutine MOLEC.

The quantity, ALFCOR, is the correction factor due to th2 pressure and temper.
ature depandence of the collision broadened half-width. The tewperature
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dependence of the half-width has been taken as (TOIT)O’5 although calculations
based on the Anderson-Tsac-Curnutte theory are reported to give somewhat dif-
ferent temperature dependercies (Varanasi)tzz].

Subroutine ROFILE reads the hlocked birary line parameters over the
wave numper range for which line data is required. The line parameters in-
clude the wave number value of the transition (GhU, cm'l), the intensity of
the transition at 296°K (S, cm'll(mol/cmz)), the collision broadered half-
width at half maximum for 296°K and 1 atm pressure (ALFAQ, cm'l), the lower
state energy of the transition (EPP, cm'ij, and the molecule identification
number (MOL). If the line parameter data is insufficient to complete the
specified calculation, the message "end of file on disk" is printed on the
output file. If no further line data is required, IDATA is set tc 1, and
control is returned to the main program.

At this stage of the main program, an effective optical depth is cal-
culated for each lire which is dependent on the colunin density of the layer,
the secant of the angle through the layer, the temperature of the layer, and
the half-width of the line a(ALFI).

The effective depth, u',

Qp(T,) " y
' = S T . . . JR 0—- L] -E——- - -E—— L]

(A-3)
e ()
i_l - exp (— %’-;)

where w is the absorber colum, density. E" is the lower state energy, QVR =
QVQR’ and the othe~ quantities have been previously defined. In terms of
the program coding the effective depth appears as:

EFDPTH = SEC*W*S*SCOR*PECALF*
EXP(EPP/XKTFAC) + (1.-EXP(-GNU/XKT))/(1.-EXP(-GNU/XKTO))

1

where XKT and XKTO are the wave number values of T and T0 incm ©. As
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previously discussed, the proper sampling interval, DV, should be 0.25 times
the average line half-widih. If the half-width, ALFi, i5 less than the
sampling intervai, the half-width is set to the sampling interval and a
series of minus signs is written to the output file. 1If the half-width
exceeds a maximum value (ALFMAX) where ALFMAX=BEOUND/&4 and BOUND is the
maximim value in wave numbers over which a 1ine can be calculatad, the
half-widtl. is reset to ALFMAX, and a series of + signs is written to the
output file. Included in the records indicating the resetting c¢f the half-
width is the wave number value of the transition (GNU), the irntensity (S)
and the half-width (ALFAQ) valucs of the transition from the line parameter
cape, the calculated value of the half-width (ALFI), the value to which the
half-width has beer reset (DV or ALFMAY), and molecular identification num-
ber (M). If the number of haif-width shanges (NCHNG) exceeds i00, the com-
putation is terwinated.

Subroutine CONVFNV *s a tightly written subprogram in which consider-
able effort has beeii taken to minimirze operations in the DO 30 loop. This
subroutine performs the triple convolution of XF, XS, and XVS with a line
datum putting the results in the proper elements of FF, SF, and VSF respect-
ively. A simpiified flcw diagram appears in Figure A.3. Control indicator
TPANEL i5 set to IDATA if the DD loop over the lines (40) is satisfied indi-
cating whether 2 pane! is complete or more lines are required. If the line
D0 loop (40) is not completad, IPANEL is set to 1 indicating that a complate
panel has been caiculated. Contrnl is returned to the main program.

If IPANEL has been set to 1, Subroutine PANEL is called. Subroutine
PANEL performs a four-puint Lagrange interpolation of the VSF array into the
SF array and the SF array into the FF array, thus combining the results of
three independent convolutions into a final result. A general flow diagram
of PANEL is given in Figure A.3. Care is taken to store array values required
for the interpolation of subsequent panels. VFT is the wave number value of
the first element of the FF array, which is common to the first element of
the SF and VSF arrays. A binary header record is written to the binary file
(KFILE) for each panel which includes the wave number value (ViP) of the first
element of the panel (FF(NLO)), the wave number value (V2P) of the last ele-
ment of the panel (FF(NHI)), the wave number increment (DV), and the number
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3

E [-;nitialize Subroutine Parameters
| Set Convolution Parameters

3 # for Each Line

l

FI Test Upper Limit of Very Slow Index
i (MAX) for Panel Complste

|

|

Perform Three Function Convolution

L
i Set Panel Indicator (IPANEL)
3 to Line Data Indicator (IDATA)
s IPANEL=IDATA
&

| Panel Complete
IPANEL=1
b L l

g Set Hext Line to be Convolved
- _ " ILO=TLAST+]

S RETURN

oy ,

b Figure A.3: Flow Diagram for SUBROUTINE CONVFNY.
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Initialize Subroutine Parameters
1STOP=0

'

f,? If Upper Wave Number Limit is Contained in Current Panel,
i Reset Upper Indices
ISTOP=1

|

Store Elements of Slow Array
Required for Subsequent Panel

|
i |
|
|
1

Interpolate
Very Slow Array into Slow Array

! |
| Interpolate
: Slow Array into Fast Array

1 :
d

‘ Print NPTS of Beginning and
§ Ending of Panel

Y

5 Output Upper and Lower Wave Number Limits of Current Panel,
Wave Number Increment, and dumber of Values Output Panel

g Shift Required Elements of Fast, Slow and

! Very Slow Arrays from Upper Area to Lower
é : Area for Next Panel

'

;o RETURN

Figure A.4: Flow Diagram for SUBROUTINE PANEL.
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contains the NLIM values of the absorption coefficient from the FF array. The
arrays are appropriately shifted and reset in preparation of the computation
of subsequent panels. Control is again returned to the main Subroutine HIRACV.
At the conclusion of the outputting of the last panel for each layer,
a record is written to the output file inaicating the current value of the time,
the time spant in RDFILE, in CONVFN, and in PAiicL (the units are seconds).
Also included in this record are the first and last{ wave number values of the
panel. A second record is written to the outout file indicating the average
valuz of the half-width, the number of 1ines read since the last panel was
completed, and the total nunber of lines read s'nce the initiation of the con-
volution calculation. Contrel is returned to Statement 12 if the calculation
is complete, or to Statement 40 to continue the convolution in process.

f
j

ABSMRG -- Absorption Merging

Subroutine ABSMRG performs the merging of the absorption layer-by-
layer along a path. The absorption at the present layer and the accumul>ted
absorption from previous layers are read from disk files. The constant ISMALL,
computed in FASCODE, is used to identify whethev the present or the accumu-
lated layer has the smaller wave number increment. BUFFER IN and BUFFER OUT
are used rather than READ and WRITE for speed of running. The array FF
contains the absorption from the smaller increment and NUMF, the absorption
from the larger. The index ITYPE, computed in FASLODE, gives the value of
the numerator of the ratio of the two increments. The coefficients for the
Lagrange four-point interpolation are computed and an interpelation is made
for tho abse-pticn in the layer with the larger increment. The merging of
the two layers is then carried out such tnat the merged absorptance has an ‘
increment eyual to the smaller sampling interval. The outpuc file contains ﬁ
a header record containing identification information, the values of the
secant, pressure and temperature concentrations of the absorbing molecules,
wave number increment, the value of the first, and last wave number in the
panel and a laver count. Each panel's output consists of two records. The
first record contains the first and last wave number in the panel, the wave
nuiber increment and the number of points in the panel. The second record
contains the accumulated absorption. For speed of computation, if the wave




number increment is the same for both layers, the merging is done directly
by merely adding the corresponding values, A simplified flow diagram is
shown in Figure A.5.

Subroutine EMINIT computes the LTE radiance for the first altitude
layer oniy. The Planck function is computed as described in the text. There
is also the option of the radiance from a coundary, for the case of looking
down. A simplified flow chart is given in Figure A.6. The radiance for the
| case looking from the space to ground is computed by the formula

NEWEM = (1 - TR)*BB + TR*OLDEM

The radiance vrom ground to space uses the formula

NEWEM = (1 - TR)*BB

where TR is the incremental transmission of the layer, BB the Planck func-
tion anc OLDEM the radiance from the boundary when it is requested. Other-
wise, it is zero. The results of the calculation are written on a file con-
sisting of four records:

1. A header record containing alpna-numeric
information supplied from FASCODE in the
First seven words, the values of the secant,
@ .e pressure, average tamperature, con-
cencvrations of tne absorbing molecules, DV,
first and last wave numbers and a layer count.

2. V1, V2, DV and the number of points in the
panel.

3. Tha radiance.

4. The transmission
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Arrange File Names; Read Headers
From New and 01d Files; Write to Merge File

- Read Data on Both Files. Panel by
Fanel; Add and Write to Merge File
- Read When A1l Panels Completed

|

Set Up Interpolation Coefficients

Read Absorntion Data From New File.

Read Absnrption Data From Previous Merge File.
Perform Interpoiation; Write to Merge File.
Continue While Testing For Need to Read
In New Panel From Either File.

When a New Panel Must be Read, Save Data At
End of Current Panel For Proper Interpolation;
When A1l Panels Done, Return.

RETURN

Figure A.5: Flow Diagram for SUBROUTINE ABSMRG.
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Read Header Record
1

— [ &

Read Panel Data

Set Up Planck Function Array

YES

'

Set Up Boundary
Radiance

P T e
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Write Output to Start Merge File

Al
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- Panels
Done?
YES
Figure A.6: Flow Diagram for EMINIT
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EMUP_-- Radiance and Transmittance Looking Up

Subroutine EMUP performs the merging of the radiance and transmis-
sion layer-by-layer along a pafh looking up from ground to space. As in
Subroutine ABSMRG, the 1/1 ratio of the DV's (wave number increment) is
done separately for speed of computation. For the remaining ratios, ITYPE
is computed in FASCODE and equals the value of the numerator of the ratio
of the two DV's. The coefficients for the Lagrange four-point interpolation
are computed and a file is read which contains the information for the accumu-
lated quantities. This file consists of a header record which includes identi-
fication information, the value of the cecant, pressure and temperature,
concentrations of the absorbing molecules, wave number incremeiit, the value
of the first and last wave number !n the layer, and a layer count. This is
followed by a series of three racords per panel. The first record contains
the first and last wave number in the panel, the wave number increment ard
the number of points in the panel. The second record contains the accumulated
radiance which is stored in array OLDEM. The third, the accumulated transmis-
sion stored in array OLDTR.

Similarly, the file for the new ‘ayer contains the header record
and first and last wave number record. The next record contains the spec-
tral absorptance from which the transmission is computed and is stored in
array TR,

The black body function is computed as described in the text and
an interpolation is made for the radiance and transmission with the larger
wave number ircrement. The total radiance along the path length is computed
using the formula

NEWEM=OLDEM + (1.0 - TRi)*BBi*OLDTR
where OLDEM is the interpolated old radiance, TR, the new transmisgion incre-
ment, BBi. the black body and OLDTR the interpolated transmission. The trans- »

mission is computed as

NENTR=0LDTR*TRi
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The output file is written such that it can be used as the input when treat-
ing the next layer. The flow chart for Subroutine EMUP is in Figure A.7.

EMDOWN -- Radiance and Transmittance Looking Down

Subroutine EMDOWN performs the merging of the radiance and transmis-
sion layer-by-layer along a path looking down from space toward ground. How-
ever, to achieve efficiency it is arranged such that the calculation always
starts at the lowest altitude and continues upward. The logic for EMDOWN is
exactly the same as Subroutine EMUP and the formula for computing transmission
is the same. The LTE radiance, however, is computed as follows:

NEWEM=(1 - TRi)*881 + TRi*OLDEM

where OLDEM is the interpolated old radiance, TRi the transmission increment
of the i'th layer and BBi the black body function. In looking from space to
ground it is not strictly necessary to compute the total transmission in order
to comnute the radiance but this “eature has been included in this subroutine
to make it compatible with Subroutine EMUP. Figure A.7 also gives the tiow
diagram for this routine.
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Read Headér Records

NO 1/1 Ratio

?
S VES

Read New Layer Absorption Data.
- Set Up Planck Array for Interoplation.
Compute Transmission Increment For This Layer.
| Read Previous Merge File First Radiance,

Then Transmission.
Use Up(Down) Radiance Formula to Compute New
Radiance and Merge With 01d.
Compute New Transmission.
Write to Merge File For Use With Next Layer.
Return When A1l Panels Are Done.

2 l

3 > 1 > ;
Set Up Lagrangian Interpolation Coefficients, i

Read Radionce and Transmission From Previous Merge File, !

A hdl
: Read Absorption Data for New Layer.

Set Up Planck Array for Interpolation.

; Exponentiate to Get New Transmission Increment.
3 Interpolate 01d Radiance and Add New Contribution
: Using Up(Down) Radiance Formuia .

Interpolate 01d Transmission and Multiply by New

Transmission Increment.
r Write Results to Merge File For Use With Next Layer,

RETURN

Figure A.7: Flow Diagram EMUP
EMDOWN
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Appendix B presents samples of input and output from a run of
FASCODE on the AFGL CDC 6600 computer. A user may find these pages help-
ful in assessing whether the program has been adapted properly to a new
machine environment. .

As pointed out already, extensive use has been uiade of the BUFFER
IN and BUFFER OUT capability available in CDC FORTRAN Extended. Since
other computer systems (such as IBM 360/370) may not have this feature
available, we have collected a list of all the BUFFER statements together
with their identification numbers. This is given in Table B.1 and should
be of assistance to a user whose machine requires the changing of the
BUFFER statements to binary READ and WRITE statements.

Table B.2 gives a sample job setup for a run used in developing
Test Case Output. The first record contains CDC job control cards (SCOPE).
This is followed by a series of Segmentation Loader input cards which de-
termine the way in which FASCODE is to be loaded into the system. The
third and final record contains the input data for the execution of the
Test Case Problem by FASCODE. Table B.3 contains a list and description
of fhe FASCODE input data. A load map for this run is found in Table 8.4.
Finally, the output priated by FASCODE in executing this job is presented
in Table B.5. To ascertain that a faithful version is in hand, it is
recommended that a user execute this test case and compare the output with
Table B.5.

With regard to the preparation of model atmospheres for input to
FASCODE, the principal requirement is to assure that ratios of the sampl-
ing intervals between a layer and the one just above it is less than or
equal to 2/1. It is suggested that 3/2 would be a good target ratio. This
can be checked by computing the average half-width of the layers using
Equations (2.2) or (2.4). If a user would feel more comfortabie in his
mind that a good model has been derived, one or two extra layers could be
added at relatively low cost. However, it should be clear that each new
layer increases the running time corresrondingly.
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TABLE B.1. LOCATION OF BUFFER STATEMENTS

BUFFER IN(LINFIL,4) (FILHO(L),VLINKD) Viu6 3y
GUFFER IN (LINFIL,1) (FILMR(1),VLINHD) Goo079n
BUFFER OUTIKFILE,1) (XID(1) 4NLAYER} 002540

10 AUFFER IN (LINFIL, L) (VMIN,NREC) U( 3660
BUFFER IN (LINFIL,1) ( GNUITL),G6NU(I2) ) 003710

3 BUFFER IN (LINFTL,1) ¢ GNUCTL),MOLILININY ) 00375
BUFFEQ QUT (KFILI 1} (VLP,NLTM) 005290
BUFFER OUT (XFILS,1) (FFINLO) FF (NHI)) asare
BUFFER IN(KFILE, 1) (XIDCL), XTC(2)) G090 WD

260 BUFFER OQUT(MFILE ,1) (XIO (1) ,NLAYER) 0¢9060
42¢C BUFFER IN(LFILE 1) (XID(1) NLAYER) 009080
BUFFER INCINLD,1) (OVLIP,NLIND) 009190
BUFFER INCIOLO,1) (DUMF(1),O0UNFINLIMNN. | (L8210
BUFFER INCKNEMW, 1) (VAP ,NLIY}) 0c9230
SUFFER INCUNEN, L) (FF 1) o FFINLTIM)) 009250
BUFFER OUT(MFILE, 1) (VIP,NLIM) L9290
BUFFER QUT(MFTILE,1) (FF(1) ,FF INLIM)) (9310
BUFFFR IN(IOLN,1) (OVLIP,NLIMO) GL9SS5:

319 AUFFER INC(IOLDy 1) (OUMF(1) 4OUMFINLTIMO0)) L9580
AUFFER IN(NNEW 1) (VP ,NLIV) JL 9620

330 BUFFER INCKNEW 1) (FF(1), FF{NLIM) UC9I6se
BUFFER INCIOLN, 17 (OVLP,NLINO) 0099 20
BUFFER INC(TOLD,.) (NUMF (&), DUMF (NL TM0)) wlL997?

15¢ BUFFER CUTINFILE, 1) (VIP, NLTM) gicC170
37¢ BURFER QUTIMFILE 1) (FF(1)FFINLIM)) 010190
160 BUFFER IMIKNEN, 1) (VP NLIV) C102s¢C
354 BUFFER IN(KNER,1) (FF (1) ,FF (NLIM}) Uic28v
BUFFER INIKFILE,1)(XTD(1),NLAYER) 010720
AUFFER QUT (MFILE 1) (XID(L) ,MLAYER) 010740
RUFFER IN(KFILE,1) (OVIPyNLT™O) 03,740
BUFFER IN(KFILE, 1) (FF(1) ,FF(NLIMO)) +11.58
BUFFER QUT(MFILE ,1) (OVLIP,NLIYO) 011360
BUFFER QUT(MFILE, 1) (EMISS(1),EMISS(NLIMCY) V113390
SUFFER OUT(MFILE,L) (FF(1),FF(NLIMD)) J114635%
BUFFER IN (LFILE,1) (XIND(L)},XIDC2)) 011780
AUFFER INC(KFILE, 1) (XID(1) yNLAYER) ggi180¢
BUFFER CUT(MFILE1) (" IDLL),NLAYER) 01182v

S3% QUFFER INILFILE,1) (OviP, NLINOY 011950
QUFFEY INC(LFILE,1) (OLDEM (L), QLOEM(NLINO}) 011970
QUFFER INILFILE,1) (OLOTR(1),OLOTRINLIMOY) 91199¢
BUFFER IN(LFILE»1)OVIP,NLIMO) s12622
BUFFER IN(LFILE,1) (OLDE.. (1), 0" DEMINLIMO)) Jr2eao
JUFFER IMILFILE 1) (OLCTR(1),OLOTRINLIMO)) 012530
QUFFE? IN(LFILE,L) (OVIFNLTIMD) 13060
BUFFER INILFILE, L)Y (OLCEM{4),0LDEMINLIMO)) 013130

130 BUFFER IM(LFILE 1) (OLOTR(L)OLOTRINLINOYY 013130
3150 QUFFER OUTIMFILE, L) (VIP,NLIM) J1362v
BUFFER OUTI(MFILT,y 1) (NEWEM{ 1) yNIWFM (NLIY)) S RITN]
BUFFER CUT(MFILE 1) (NEWTR(1) NENTR(NLIM)) 0134060

36¢ WFFER IN(KFTILE, 1) (VIP,NLIV) {13633
BUFFFR INIKFILE, 1) (TR (1) TR(NLIMD) «136352
BUFFER INILFILF, ) (XID(1),xIO(2)) 014570
AUFFEQ IN(XETILE 1) (XINIL) 4 NLAYED) 014590
AUFFER QUT(MFILS »1) (XID(L1) yNLAYER) "2L1}

538 BUFFER IN(LFILE, 1) (OVLP,NLINO) 164740
BUSFER IN(LFILE, 1) (OLNEX(L) ,0LDTM (NLIMO)) J14760
BUZFER IN(LFILEZ1)(OLPTR(1),OLOTRINLIMNO)) J14789

- BUFFER IN(LFILE,1) (OVAP,NLIMO) rys2n0
L8] BUFFEP IN(LFILE,1) (CLDEM{1),CLOEMINLINOYY 3415281
BUFFER IN(LFILE, 1) (CLOTR{ 1) ,0L DTR (NL IMO)) DL 83U
BUFFER INCLFILE, 1} (0VIP,NLIMO) 01%802

- AUFFER INCLEILE, 1) (OLDEM( L), QLOEM(NLING)) J15840
42 BUFFER IN(LFILE, 1) (OLOYR(4),0LOTRINLIND)) 610860
1% BUFFER OUT(MFILE »1) (VIP, NLIM) 01 nl5e
BUFFZR OUT(MFILE 1) (NSWER(L) MENEMINLIY)) Ji617.
BUFFER QUT (MFILI 1) (NEWTRIL)JNTHIRINLIM ) S YT IV

360 AUFFER IN(KFILE,1) (VIP,NLI™) 016330
BUFFER TNI(KFILE,$1) (TR(1),VRUINLIND) yishil,
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TABLE B.2. SAMPLE RUN DECK FOR TEST PROBLEM
TW/ 76 OPY=y FTN LoHhoW29 13714778 {16e4de20 %
j
CLOUGH,CHS?76G0, TLA. FASCODEL e L FLOUGH :
ATTACH,TAPEX,CLOU1999T02210,10=CLAUGN, MR =y, f
REQUEST, TAPEL2, *FF, g

ATTACH, HIRACL , I03CLOUGH, HR® 1, !
FTIN,TsHIRACL ,SL,B2LG0, ;
ATTACH,H IRACD, TORCLCUGH, P31, i
FTN*IsRIRACD, SL,R2060,

ATTACH,VGO,FASCODE, T 0sCLOUGH, MY,

RENIND,OUTPUT,

MAF ,PART, .
LOSET, PRESETa INOEF,

LCAC, VGO,

LA D, LGO.

LOAC, 060 .

SEGLOAD, '
EXEGUTE, FASCOOE o

FE% T IR AP S T

FAST TREE FASCOCE-(MIRACV,HIRACL,)HIRACD, ABSMRG,EMINIT,EMUF,Z MOONN)
FASCONE GLOBAL MAIM,NENW
HIPACV INCLUDE SHAPTL,SHAPZD,VOTCON,RPFEILE,CONVFNV,PANEL yMOLEC,0VRFAC
MIRACL INCLUDE SHAFPEL, RDFILE,CONVFNLPANEL,MOLEC,OVRFAC ’
HIFACD TNCLUDE SHASEQ,RPFILE,CONVFNC,PANELDNOLEC, QCVRFAC

END FASCODE

EQ®
{1 APPROX TO KYLE REPNPT,, o ¢ MINLATITUNE SUMMER
1 1 0 0 9
1.
2995. 2108,
273,
10
525,866 26443769 W 00 KM TO 7460 KM
Qo YAOFE21 1,LIPE421 2.6145047 1 ,196E418 T, 201E¢17 65,3316 ¢18 B8,942E+23 3I,33uF+24
332.870648 282,7476 TelN XM TO 11.30 KM
1,809E+21 $.2ALE®21 4oS5875¢17 1.08GFs 2 3-91#?'17 5.726F+13 3,14L9F423 3,037E424
1974 %6L4 222,A7%5 11.00 XM YO 16,00 K¢
BoB18E419 6.262F 420 S 3ISIESL7 S 3436017 L. 4235417 JWO035E41) 3,97€F+23 1,LA25+04
124,070 216,0000 1b,0n KM TC 17,30 K™
ToBL2E+1N L CLUTES2D 7.,852T417 3,U29FE¢17? S 1ARE+ 16 L. Q6CE*L1Y 2,566C423 9,533042Y
T7.277F 216,9192 17.9) X4 1C 2e4PC KM
Se0LSESL8 2.509€¢20 1,0818¢183 2,129E¢17 5,725+16 1.21Ac*15 1 ,59FE+23 5,9336+423
36,5133 223,896 20477 X« TO 30400 K4
1e09%44Q Y 2ALES20 T, I11E413 2. 7866417 T L62C+16 1,592E 01 2,J85E42% 7,77 5+2)
843032 242,96%9 IC.0C XK¥ TC LALCC KM
4,98AF LA 7,05E419 1.25605413 S5,9A82E416 1.,6ITE*18 34019E4L7 L oul7TE+22 16618423
2, 5539 2672770 4C.0) XM TO 45,30 XM
4o913C417 L1 11RE®10 L1.523E17 G LALESLS 2,5L1341% S Ld.E¢16 ?.C97E+21 2, hGSE4]2
1.1559 267.252% 45,00 KM TO SLedl KM
2.5A0CF+17 B ,037E+13 A, RQ7R4R T 1KEEHLR 1, Q175445 4, )90FE+1 6 5,3853+421 1.09A€+22
« 2742 255,L215 Shely KM TO 1NJGI0 KM

LoTGBEPLA L. OACE 18 L 176E 16 JW46LT 415 9.276% 14 1.9379F 16 2,591EF 21 9.649¢ 24
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X1D

IHIRAC

TEMIT

ILOOK

IPLOT

ISCAN

SECANT

V1 (lower limit)
V2 (upper limit)

TABLE B.3. INPUT DATA DESCRIPTION %

7 elament array containint text. The text is
printed with FASCODE output and is used as a
header for execution time plots.

1, Voigt approximation to line shape
2, Lorentz approximation to line shape
3, Doppler approximation to line shape

0, no emission calculation
1, emission calculation performed

0, emission calculation from ground to space
1, emission calculaticen from space to ground

» ho plot
on-line plot
off-1ine plot
CRT plot

» graphics plot

Iy N e O
M

indicates parameter to be plotted (use if IPLOT#O)
1, absorption coefficient YY=YY

2, log nf absorption coefficient YY=ALCGIO(YY)

3, transmission YY=exp(-YY)

secant of the angle between‘ipe line-of-sight
and the zenith

specify the wave ngmyer range for the output

A}

data (Cm_l )
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;2 TABLE B.3. INPUT DATA DESCRIPTION (continued)

.j% TBOUND temperature (°K) used to compute a boundary.

§§ If TBOUND=0, no boundary is computed (currently

B used for looking down)

;Ef NNLAYR number layers + 1

Eg; PAVE average pressure (mb) for the layer

~i§ TAVE average temperature (°K) for the layer

| -

i

fg' WK array containing the molecular column densities

4;5 for the layer (molecules/cm?)

! ; e de Je v e e v v e e e v Y e vl s e e e vl s e v vy ol vl e e e e v e e Ve vl e e 3k e 9 v ol vie e o e e e e e ¥ e o e o Ve ok vk ol e e ke 9 o e e e e v e o ek s
2 :
jgi IF IPLOT=1

%f‘ PLOTID 3 element array containing 30 characters of text

51? used as a beginning and ending banner on pen plots

(o

i Vi the range of wave numbers over which plot will

Eif ve . made (cm'l) !
3

B

Ej XSIZE size of X axis (in)

g“ DX number of units of X per inch

E.

f YMIN range of Y-axis

;' YMAX

¥ WWSC the constant k in the expression y=e'ky
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USAGE NOTES

v

The user must structure the input atmosphere such that the ra io of the
previous DV to the present DV is acceptable to FASCODE, (see the sample
input data).

The program is written for execution on a CDC 6600 computer system at

Hanscom AFB. Accordingly, the control cards input/output statements
and plot options need toc be tailored to the user's installation.
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LISTING OF FASCODE PROGRAM
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THIS PAGE IS BEST QUALITY PRACTICABLA

l FROM COPY FURNISHED T0DDC _~
H
PROGRAY FASPONE Ta/T8  OPTmy FIN & tea28 03716274
1 PROGRAY TASCODE(INPUTS13)/1500,0UTR  «130/1700, TAPESaINPUT 06040¢
r ,TAPEGROUTPUT, TAPEY TAPELD,TAPESL “APELD) 90014¢C \
] 060820 L
C FAST SIGNATUSE Cont oCessn
] ¢ 000440 .
CCPMON COMSTRE2E9,9) t6015¢ ]
COPMON FFEXG00) 4SFU®)0), VSF(22%) 000160 )
COMMON/PAIN? KFILE,¥PANEYL, ,®0, TEMPY oeosLTo L
COMMON/NEN/ NMUL 9 XIDCT) o SECANT yPAVE, TAVE o ¥HOLID U7 )y WK (7Y, tcciay .
1" c NV, VL, V2,NLAYER 000190
COMMON ZBUFND/Z FILHOD(10) y"MOLTO(10) ¢ MOLINDC10),VLINLDy WINME 000200
- ¢ pco240
NMOLs? 0c o220 3
1TYPEe-1 000230 E
15 Poe1013, 0 0260
TEMFDu29b, gro2se
XPANEL®D 100260
- LINFILa cco2vo
WFTLEes2 oLL280
20 LFTLEet 000290
KFILFag0 poesng
NLAYEReD 0006340
PRINY one ecos2o
READ €10, (XIDUI),Tul,?) o0o3Ye i
28 ¢ 0t 034N f
c TMIFAC = 1 CALL HIRACY SLLISE
c THIRAC & 2 CALL HIRACL 0003869 :
¢ IMIRAC = X CALL WIPACD peoare :
¢ GrG3ed k|
30 C IF IEMIT (EC. {4 SROGPAF WILL BCHPUTE TMISSION cCo390 !
n 000400 f
€ ILOOK=E LCOKING FFCM SPACE TO GROUND FOR EMISS TN ETIS A
C ILOOK=D LOOKING FRO® GRGUND TO SPACE FOR EMISSION 0CCu2) 3
[ 000630 o
3 OEAD 920, THIRAC,IEMIT,ILNOX,ISCAN,IPLOT Cludt P
1F (TEMIT.ER,0) XID(7)Isg19H A®S COEFF CrO06S: é
IF ( (IEMITLENGE ) JANN, (TLNOKGENGG) ) XTOD(7)21%H EMISS uP 0Ciubt ¥
IF ( (TEMITLEMe! ) oANDe (ILOOKLEN.1) ) XID(7)mgOM EMISS Nww NI 4 i
R2INT €30, XID AL0esC
Y] EPINY 920, IMIRAC,IFMIT,ILONK,ISCAN,IPLOT TL.u® 1
PEAD 90, SECANT 700500 ¢
POINY A%0,SECANT 2eesen !
FRINT#,"IHIRAC = *~, IMIRAC NELT ¥ :
] Loosys 4
o8 C TAOUND IS A YEMPE®ATURE WNICH MILL MF USED TO ROMPUTE & RS
C ROUNDRY, WHEN THOUND = 0, NO BOUNDRY WILL 8 USEC, Lressy :
¢ 000560 ;
PFAD G40, Vi,V2 L 241 F
PRIMNT 8, ® V1 , V2 =, Vi,V2 tCosas ¢
L1] REAT L, TAQUND Jcosas g
PRINT ®, * TBOUKD = , TAOUND TCusd: )
c sLGesl s
READ 920, NNLA YR Greent :
AURFER INC(LINFIL,1) (FILHNIL)VLINKT) TS | K
s IF CUNITCLINFIL) oEG.0) STAP tC 0oL ;
PRYNY Q10, FILHY eC065L 3
PAINT Q08 o0ce60 i
PRINT Qel, (BHMOLID(I) yMOLINTII), Tul, NPCL) ceoere X
POINT ©70, VLINLO,VLINHI 14 114 i
(1] IF (2% (MALAYRZ2) ,NE. NNLAYR) GO TO 11°% 0L CA9D :
MSTOREMFILY . oLorTl ]
MFILFSLEILE goorae ]
- LEILE=MST (P amforee ;
110 CCATINUE ocor0 3
(1] I (IEMIT,ENL M) KFILEWMFILE Co0TLO :
nO 280 X=1,NNLAYR [ I 34 14 X
POINT 90 0T 0760 :
v IS¥ALL 0 000770 d
PEMIND LINFIL pooreo i
70 BUFFER IN (LINFI' . 1) (FILND(1),VLINKHD) 0C 0790 ‘
IF (UNITCLINFIL _.ET, 0 ) STOP 0Cu000
NLAYERRNL AYER ) (11 FV :
PRINT ®, * NLAYER ™ , NLAYED aceee
IF (K ECMNLAYP) XIC(E)®1QHLA®RY LAYER (oouede
113
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15t
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19¢
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an

THIS PAGE IS BEST QUALLTY PRACTICABLE
FROM OOFY FURNISHED 10DDG .

PSP OPTey LN 373 Y21
READ A0, PAVE, TAVE I TTITY)
READ S0, (WK 1K) o TRuy ,7) oo%e
0L 0DVeDY 200800
OENICORePAVE/SOSIORTL YRR/ YAVED 11
ALOARE (0,1 0) *OENTCOR nile
AWNALSe 34, W
ADOARSB BELTOE=0PO (0, §7 LVLeVR) ) SSORT (TAVE /AVNALS) 205900 _
AVEAREE .S ¢ ALBAR ¢ SORT ¢ ALBARSALDAR * 4 “ADBAR®ADOAR ) ) 0008910 :
TPEININAC.EQ. S} DV AVEAR/N. I 1
TECINIRAC. [0 .2) DV AL AR/, 113
TPCININAG,E0.3) OVeADBAR/N LI
CONTINUE 31T
DRINT®, SPIRET 0 & ", OV ) .
1P INLAVER.NE.L) €0 TC 138 0097 ¥
OV I% ASSUMED YO O LT, ¢ 860040 ;
ISCALEALOSLN LOV) = ¥, oL oese
ALe 10401800 001000
TOVLLOV/SCALY ¢ 8.8 TEE
DYSSCALSPLOAY (T0V) St \
60 % 37 001030
TYPEeOR OOV /Y : 0Lada0
TFITYOE8E.1.) €O TC 138 001080
TYeley, I/ TYPE 801080
TSNALLeY 201270
PRINT %, “COMPUTED OV SLFORE MODIFICATION a =,0V gg:aog
.
TRIYYOR L6V, 2.5) 80 YO %0 001100
TPLTYOE (6€. 1.201) GO YO 138 001110
Oveoy COV ocaL0
TYveCad oL 30
sC Y0 1N 001400
TTYRTRL/ (TYPE=1,0) ¢0.8 201450
TRCISHALL B0, ui OemOLDOVORLOATCIYYPE) 2ELOATIITYPR 1) oraser
TRLISHALL +€Q. 1) OVEOLDYVEFLOAT(ITYRLe 1) /FLOBY CITYRL) 001170
80 YO 17%¢ L FNY T
CONYTNIE TS
SAINT W0 ec1200
ST08 01 c
PRINY o, 0y, TYYRF Qri2ge
0r123¢
TPUIALEAC. PO, 1) CALL WIRACY 01 1240
IPCINIRAC. 9, 2) CALL WIRACL ncidse
TPLINIFAC.EQ. ) CALL WIRACD 001280
ouaere ’
NPTRey (1R 14
IF (TEMIT.NE.0) €O YO 190 soiree
IF (NLAYER.ST.4) 80 TO 188 04300
80 Y0 249 LIS
CALL ABSWRG (ITYPE,ISPALL, TOLOPL,LFILE,*FILE) orar20
&0 Y0 210 8113130
CONTINUE pCANE
JENITe TO REACH THIS STATEMENY 0r1vse
IF (ISHALL.NE.B) STOP = TSWALL NE. O = 08118
1P (NLAYER.GT.1) 60 YO 200 eta3re
CALL SMINTTCILOOK,TBOUND,MPILE) :::;::
€0 O 210 HEIH
IF (IL00K.ENL0) CALL ENUP  INPTS, RTYRE,LEILE,MFILY) 61840
IF (TLOOK.EN. 1) CALL EMDOMN tNPTS, ITYPELFILENETLE) 83{38
conTINUE 00180
uSTOReNrILE : 0o1e8e
WEILEML FILE 0CANG
LEILEeNSTOR eeLTo
REMIND 14 oL1a80
RENIND 32 001490
TOLOPLR RRANEL ot1sne
weANELE R 001840
KEILEnLd sciseo
CONTINUE ::::3:
RENTHE 11 HEHS
T
N “ALL TPLOTLIPLOT, HFRLE) [T
;:O;tncv. €. 0 ) CAL Lo, HIHH
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THIS PAGE

IS BEST QUALITY mcﬂcml
FROM COPX FURNLSHED 10 DUQ cmmer=™

PROGRA > FASCOOL TSIT8 0Pty FTN M. 00020 99/86078
189 ¢ 001990
c 001800

¢ 901010

900 FONMATILING) 001820

WS FONMAT(LIMO) at1ed0

158 910  FORMAT(10A10) 001640
920 FORMAT(1ATS) 901680

930 FORNAT(LNG,10A10) 00 138%0

WO FORMAT(LOFLIO. M) 0016 8

980 FOPMAT{®D SECANT o &,F1%,3 ) 002000

160 960  FCRMATISN,AG, 3% & ,T1) aciee
070  FCRMATISS LONEST LINE o *F10,3,% MHIGHESY LINE o * PL0.3) 0AT0N

980  FORMAT(® YTHE RATIO OF OLO OV TO NEW OV EXCEEDS 2.0 * ) s01P10

h ¢ arcaree
Enn (TR AT]

SUBROUTINE MIRARY TA/TY CPTey FTN 4, 00428 [ RYZUY24 )
1 SUGROLTING WI WACY 004748
6 0017890
¢ 0grse
VOGSV IVDIVIVICIIO VIR IBININ B IUITITISNEBINGINOUITIUIBINPIOINONNENIPISINVED 00 " 7'
s . acaveo
. s SoiTee
. CALCULA YES MONOCHRONATIC ANSORPTION COEPFICIEMT FOR SINGLE LAYER * (03800
. s otaego
. * 01020
19 . USES APPRONINATE VOIGY ALGORITHM . ogx:sn

. . [
PP QUISOVNOSINRTINIIOVINITOONORISIIIBIGTITIIBINUIIINOIIINBIIIININIBRIIIRNRY g@:. 'o.
¢ 001060
¢ ocaere
18 COMMON GNUCZ90) ,S(2%0), ALFAQ (290) ,ZPP(290) ,POL(280), 001800
¢ EFOPTMEPS9) (RECALT (ES0) ,ZET AT (250) ,12CTA(2S0) L8
COMMON #F(3000),3F(900), VIF(229) 001900
CONMON/MATIN/ KFILE ,¥PANEL (PO , TY HPO 001910
COMNON/NEN/ NNOL , XIO (7) , SECANT o PAVE , TAVE , HMOLTOCT) 4 MR(TY 001920
2 ¢ OV, ¥i, V2 NLAVER 001930
COMMON 7Y SUB/LININ,ILC, INE,VROT VTOP VET, TEOF JIPANEL ,XSTOP, TDATA 0819468
‘Egnnou PMXX/ NUE 0N, NE o NN, OXS, NS NNVS , OAVS o NVS , NFNAX JNSHAX o NV ::a::a
1969
CONNON 78UB1LZ MAXE , MAKS o MARVS, NLINE, NLTHS, NLIFPVS,NLO,NHT ,OVS ,OVVS 001970
H] ] COMNON ZXPANEL, VLP ,VEP,OVE NLIM NSNTIFT NPTS 004900
COMMON/ XTIME Z/TINE (TINROF , TIRCNY, TINPNL 001990
COMMON/ VOTCOM/AVRAT (204) ,CLD ¢ 201) 002000
OINENSICN ALFCOR(T) ,ALFOLLP) ,ULT) 4SCORLT) 002010
DINENSION XT (2910, XS (2811, XVS 281 ), X0L2SY) coeee0
30 e 002830
DATA WP /7 6/, OXF 7 0,00/, NF 7201/, NFPUAX /1887 002060
DATA NNS 716/, OXS 7 0,007, NS /72017, NSMAX /0817 (TH{1]
o DATA NWVS/047, OXVS/ 8,35/, NVS/R01/, NVSMAX/23L/ onvl:o
(11117
11 o DATA TEWTER/0/, LIMNIN/2S07, NSHIFY/32/, WLINF/R00L1/, NPTS/ O/ :l::::
0

DATA SURID 740N VOISY 7/ 2100
¢ 208110
IF CTENTER.NE.0) 60 TO 10 onzine
N} TENTERe ooRL3e
. NLINSa (ML INF 78004 002440
NL TNVSE (N EMS/N) o8 302490
¢ NOTE (DXVS/OXF) IS 14 AMD (OXVS/ON3) X% & T
NBOUNDuFLOAY (NWVS) $(0 xVE/ 0 RPY I
] HAXFa K TMFoNBOUND T3y
RANSe (HAXTZ2G )oY [ITTA
s MANVSE(RANS/Z &) ¢y 0w
CAL VOICON s gee
CALL SHAPEL( XF, XS, XVS) nn
”"” CALL SWAPED(XN) ween
CALL MOLEG(L NNOLID,NNOL ,TENPO,TAVE,PQ,PAVE, SCOR, ALFCCH, MPBL) T
10 PRINT 900 e
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THIS PAGE IS BEST QUALITY PRACTICABLE
FROM COPY FURNISHED T0 DDC -

SWNUTING HIMCY LA AL TN 4[] TN hobondl

c
%0
100
¢

oo O

.

PRINT 970, SUBID
TINRDPaTINCNVT INPNLR),
PRINT 904, (RI0(2) 5 Im1, T7)
REUING xfILE

py{ {11}

PRINT 946, XFILE

PRINT 913, SECANY

PRINT 928, PAVE,TAVE
PRINT 930, (IMOLIDIN) o MM, Hng o NNOL)
PRINY 900, OV,Ve,¥2
O¥P=lY

OVEs{ DXL/ 0NP) Sy

DVYSa (UXVS/DRFIS QY
SOUNDFLOAT( HBOUND? 2D V/ 2,
SoUNVIe SO /2,

PRINT 942, SOUNYS
ALFHANEBOUND /FLOAT LNV D)
N, OO UMD ¢ .

NHIaNL INPONSHIPT =1

00 38 Jug,NAXF

Fr(IVee.,

00 60 Jei,mAXS

SF(Ired,

00 70 Iog,MAXVY

YSF(IVe,

13730/78

se22ee
002270
9c22e0
or22%
082300
002310
002329
ocessn
0234%
002350
ete3ese
002370
e300
652390
0024600
002640
002620
02430
0L 2440
002450
002460
w2670
062400
002490
82300
0029510

SRITE CAPILEY (XIDIY) o3m1,7) ,SECANT, PAVE, TAVE, (HNOLID(M) yM=1,7) , ac2%20

(W CTY, Imdy WNOL) , OV, VL, V2
BUFFER OUTIKFILE,4) (XID (1) ,NLAYER)
IF WNITIKFILE)LE0,0) STOP 99~

YITayi=2, *80'MN0
v80Tsy1-80UND
VYTOP=YZ+20UND

%KY (2o $951°YENPY

AKY 29,6951°TAVE

AATEADE (4, /%XKT) = (1./%KT0)

CALL MOLECI2,MMOLID,NMOL , TENPO, TAVE, PO, FAVE, SCOR,ALFCOR,ALFD1}
N0 80 M=l ,NMOL

U)X (M) *SCORIMI®SECANT

ICAT=Y

SUMALEs ],

SUMN7ETe S,

NCHNG g

CONTINUE
CONTINVE

CALL SECOND (TIMED)

aF (IECP.NE.0) GO TO 130

CALL ROPILECGNU, S ALFAD,EPP,MOL)
CALL SECOND (TINME)
TINROFsTINFOFV THE-TTI®EQ

IF(ICOFNE.0) GO TO 140

MODIFY LINE DATA FOR TEMPERATURE,,PRESSURE, ANC COLUMN DENSITY
00 130 I#ILO,INI

nenotL (1)

EFCPTHIDaSII)®UM)

IF (EFDPTNITI.LELD.) GO TO 130
JCHTs TCNTo4
ALFLaML FADLI) ®ALFCORIM
ALFADSSNUCI) *ALFOL ()

ZETASALFL/ LALPLOALFAD)
TIeiD0,%2€TA+4, S
ALFY/mAVRAT(I2)®ALR

IPCIT.01,104) ALFVSAVRAT(IZ)I®ALFAD
TPLALPY,6E,0V) GO TO 110

PRINTY 945, GNUCTI) 3SUI) ALFAR{IY JALKV IV M
ALfvely
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002330
002840
0c2ss0
gC2%60
oczsTo
(2589
12990
00260°
962610
92620
02630
002640
062650
0.2660
0p2670
062600
00269¢
0c223¢C
002740
ocerae
0C2730
0027460
002750
0c2res
ge2rra
002788
[1¢ 24 1]
0c2e800
G280
pc2e20
302830
0c2840
og2e850
002860
ge2870
oy 2880
0620896
002900
02910
oc2920
002930
002940
0 295%0
0c2960
awg2ere
0c2980
0C 2990
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THIS PAGK IS BEST QUALITY PRACTICABLE
FROM COPY FURNISHED IO DDQ e

4
SURRQUTING NImOY 1424 ortet (AL YW TYY] ] 03/736/778 !
NCHNGRNCHNSe § s03e00 i t
110 1P CALPV.LEALFHAXY) GC TO 109 003010 g i
PRINY 930, SHUCIN,SIIN ALFARLIY) JALFV ALBNAX, R oL L0 !
130 ALPVEAL PHAX 0w 30
NEHNGANDH et 0£3040
120 CONTIWE 003050 ‘
SUMAL P SUMAL FoALPY qc3ue0
SUNZE T SUNZE T2 TA [[21%4)
\38 RECALFITYmi. ZALFY (12111]
('W"‘N!"I’D'Nﬂll‘ll’('mﬂ)'mﬂiﬂ'NOM.'tﬂ' 03090
(1 emENP(SNULTY ZRNTE) (L, =TRP (BN XY FUXTUN) 003136
JETAL (1 )u2ETA 003144
T 12 003320
1) 130 comvImug 003130
I7  (NONNG 0T .100) 60 TO 148 s031080
160 CONTINUE 003180
[ (IREY Y
CALL CONVENVISNU,EFOPTH, RECALF MOL .#7 ,8F VSF NP XS oYV X0, 003470
168 [+] WAL, I7CT) 6633 80
c oeyse0
IPCIPANRL Q. ) 60 TO 109 003200
4 (3210
19¢ CALL PANLL CPF,SP,VSPFKFILE) pcIrde
198 c [T\t 1Y
CALL SECOND (TIW) 00 3240
KeANTLANPANG LS 06 32%0
IF (ISTGR NE,1) 60 VO a0 003260
END FILE XPILE aL32ro
189 180 CONTINUE 003280
PRINY 998, TINE, TIMRDF . TINCNY, TINPNL 003290
1F (ICNT,LE.0) GO YO 170 oL I3
AVALFRSUNALF/FLOATLICNT) L IAARYY
AVZEVAS SUMPET/FLOAT LTI ONY) [ I hE 2
160 PRINT 960 ,AVALFAVZETAICNT NCHNS [ AR 1]
[+ [J AT Y
sre RETVUPN 003380
[ 00 3364,
[ IR R4
108 [ [ AL 18
W FORWUAY (LIND) YSALN
904 FORMATLIX, TALD) CCXei e
”"e FCRMAT(OR QUTRUY FILE NO, ** INX) LIRS
" PORMATL®) STCANY o* F1S8,9) Ul 3w
134 .20 FORMAT (10¢1PEL0.3)) 0C % 3
928 FORNAT(OD PRESS(ND) o% FiR, 87 50 TEMB(K) % Fii,.2) Jh3ent
930 FORMAY(SYME COLUNN DENSITYI(MOLECULES/CM®e?) A 368
| S 7(3X,A8, ¢ v ° 4PELO.3Y ) 1LY
Sh0  FORMAT(®O DVICN=1) & O¥LP,.8/%] VIICM=1} ® SFL2.4/%) VRIIN=Y) = ¢ [ TR IR
$34 1 P20 eo3har
o2 PORMATELPHD AOUNDVS (CHeg) ® ¥l b) [N [¥
%S SOANAY (¢ .-Q--.‘.-‘..-“-'...---.-’-."..Q"’Q. ""‘ﬂ.s.‘!] 5 sso0
(11 FORMAY % 2000000000000 000000006000008F1N,4,E10,3,3710.0,10) ne3sse
[ 11] FORMAY u“htUlo'Y!"l‘.!llg'QlAO'.Bl.‘CCNVOLUVION"tﬂl.'PAN!L'I [ 19} 23]
100 1 AR5 003830
w0 FORMAY (0 AVERAGY WIDTN = *F1D,8,¢ AVERASE 2ETA = °Fi0.9, 003540
® N0 LINES w 110, ¢ NO. OMANGES & * 110 ) ceysse
[ 14 ) FORMATLING SN, AL0) 0C 3800
(10 (1R 124
117
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THIS PAGE IS BRST QUALTTY PRACTICABLY

FROM COPY FURNLSHED 0 D¢
SAAOUTING ROPFILY T/ OPTey YN & S0bRS 23/30/78
SURPOUTINE ROFILE (6NU, S ALFAD,EPP, NOL) 003340 :
COMNON /ZXSUD/LININ,ILO,INT VOO0 TV TOP /P T, 1 ROF JPANEL 418167, 10ATA 1311
CONNON JBUFR, VHIN, VAR, NREC 030080 ;
DINENSION BNULY) im. ALFASLL), EPPCL), MOL L) (1311 i
DAYA LINPIL 237, 1L 73/, 1R /07 ac 80 i
10ATARQ Ww3IeN 5
g 30 REED “LINFIL) VAIN,VHAR,NREC 08300 H
s IF (POFCLINPTIL) oNE, 3 7 60 YO 08 03080 ‘
10 SUPPER IN (LINVIL,1) CVNINWRECH 113 %Y s
IF tUNTTRLINFIL) €0, 0 ) 60 TO a¢ Hnisn :
I¢ (NAES.ET.LINTN) 3VQP = LInlw * 030
IF CYNAXR.GE.VEOT) 60 YO 30 e 3000 E
] ACAD CLINFPIL) WHIM WwIres :
SUFFER IN CLINPIL.AY uuuu.omctu ) 0MITL0 . .
19 1P CUNBT(LINPTLY 80, ¢ ) aLsrae
60 10 &0 0N :
R oAD WINFILY mmu s SUT) L ALFARLT) JEPBIT) JHOL (1) y In1,y NREC) 1N B!
3% URFER IN (LINFIL) mmu MOLCL INENY ) ecIrst £
IF (UMTTILINFTIL) .to; s ) Stoe TILLY] . i
{31 wrn 3
INTeNREC wven i
I¥ (UNIN.GE.VHOT) 30 YO 29 003790 i
D0 o0 Yui,NuEC T IT] 3
ILonY CI840 g
23 IF (ENULI) .GE.VBOTY 6O YO 30 MWNN ¥
1] CONTINUE 263038
L 1] 16 (VRANLLELVTOP) RETURN 0C 38080
N0 60 Jug, NREC TR 3
InYul TR :
IF (GAUCD) GT,VTOP) GO YO 78 03470 M
11 CONTIME 003440 i
1] IFCINI.LT(NREC) IDAYASE 003000 1
MTURN 20 3900 !
(1] SRYNT 920 003910 y
38 1E0Fut teIeae
RETURK 13,31 i
¢ 0C Y9N0 3
¢ 0L 3988 3
920  FCRMAY (* END OF FILE ON DISK®) 00380¢ i
a9 £ND 003970 ;
4
k
i
SUBROUTINE CONVENY /76 OPTei AL YIS T 1R TEYYAL
1 SU!MUY!NC CONVENVIGNU, EFOPTN, RECALF o MOL,FF SF VSF 2P, XS, XVS 0, GLIysee }
YA, T2ETAY 13111 :
ronrouww NMOL, XIOC?Y y SECANT, PAVE, TAVE ,RHOLTOET) M KIT) tcande i
OV V1,V JNLAVER 008010
s ccunon MUSUBZLIHINGZLO, THY, VAOT VTP, VFY, IFOF, TPANEL . ISTOP,IDATA ocaoRe 3
:onnou INRNS NWFLONF, NF s NUS,0RS NS NHVE ,DXVS JHVS (NENAR JNENAX yHYS M oua’n b
1AX 204040 i
COMMON 7SUBL7 MAXR MA XS, MANYS, NLINF, NL INS, NLIPVS , NLO, N T ,0VS ,OVVS 30080 i
COPNON/ NT TWEZTINE, TIHROF  TINCHV » TIHPNL 204060 4
10 COMNON/ VOTCOHZAVRAT (2010 ,8L0C201) soalTe 3
DYNENSION GNUCL), EFBPTHIL), RECALR(L), NOL(1) 004080 1
OIMENSION FFiL), SF(Y), VSFLQ) 004090 g
DIFENSICN XFLL), XRU3D, XVS(Y) 000300 i
DINENSION X0 1) 000110 ;
13 DINENSION ITZRTALA),ZETATC(L) ocatRe
CALL SECOND (TIvEm) 04130
RATVXSDVYS/Z0XVS 008160 y
FYSaFLOAT (NWVS) 7D%VS 104180
CONFoDVYS /0N =1 , 000160
20 CONSS DVVS/DVE=1, 004170
IF (IL0.GT.INT) &0 TO SO 000108
00 &0 IeILO,IMY LTSS ~
OTRTHISEFOPTH(T) 054220
IFINEFTHYLLE.0.) GO YO &0 tearee
11} I=12ETALT) Caile
SYRLEPEOTHIACLNTY) T T
STANEUERPTHIS {1 ,=CLMI2N Y
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THIS PAGE TS BEST QUALITY PRACTICABLE
¥ROM COPY FURNISHED TO DDQ

NDRWTING COMPIN /78 0PTed YN 4. 004020 13250470
TSLOPIs RECALFTIT"NETYY atarst’
IINTE (KW (20 =¥PT I 7DVNS [[Tt{Y]
SrYS=PVE/IN 0P [ 11%44]
JNAXE (2INTRPYS) oF, [ 1T YY)
IF (JMANLLE.NAXVS) 80 TO 20 Soa290
ILASTal =g 004300
40 Y0 S¢ 0046310
20 JUING(T INT=0PVE) 2. 0063020
JNTHFS(TINTOCONT ) . 204330
JRINEN (2 TUTOCONS) 84340
VS {PLOAT {INTN=- 2D =2TNT) O28L0PL 104390
2SOV (FLOAY{JNTHS) =ZSNTOCONS) *2SLOPE 084360
202 2vEe (PLOAT(JNING) = 2TNTECONP) * 2ELOPE 004370 Y
0C 38 JUJNTH,JNAX 0063080 i
JSuNTINSe IS 00430 ;
JRraJN NGO [111Y]] &
2VSeIVSeTAUNPE Gaes g0 n
o8 T9m 230295L00¢ LI Y
IFre2reTSLOM TS D
ITVSARSITVEIeL. S [ 1 11YY] : i
I7S=ARS (730 01.3 [ 1413 34 3
I2FedRS(TF)¢L.8 [ 17 t Y
[ 1] YSP WJISVYSELII) ¢STRL® NVS (I VS) 004470 i
SPLJEIOSFIJS) eSTRALOYSLIZIY) 0044CO
¥ (JPISFF (JF ) oSTRLS XF (ITF) 3TROOND (I2F) 004690
n CONTINUE 004300
»0 cCONTINUE (441 F8]
[ 1] ILASTalINY [T1Y $4]
c T06TAs G FOR MORE DATA RIQUIRED *¢ IDATAs3 IF (0 WORE DATS RECUIRED 04530
IOANELR IDATA [ LY Yy
€0 YO &0 00ASS0
- %0 CONTINUE 65065
.0 IPANELwY 143344
0 JLOSILASTY Y 0C 4580
CALL SFCOND (TINMNE) 04 039C
TIMCNYRTIMCNVITINE-TTED [S 1Y 14
RETUMN 0CL610
(1} (4 YT
TND CLuR3n
SUS ROUT INT PANEL Te/sT6  OPTey FIN hobou2¢ 23/786/78
1 SUSROUTINE SANEL (FF,SF,VSF KFILE) DOLG&C
COMRON/NEW/ NMOL, XTOD(T) , SECAKT, PAVE, TAVE JHHOL TN 7D WKL), [IIYL A
[ OVyVi,V2 HLAYER OLabBL
GCOMMON /XSUB/ZLIMIN,ILC,THT,VBOT,VTOP, VFT,JECF, IPANTL ,IETOP,10ATA truert
s COMMON 7SUBL/ MAXF,HA XS, HAXVS,NLTUF M) INS yNLIPVS JNLD yNHT,0OVS ,0¥VS  Clubdl '
CCHMON ZXPANEL/ VP VEZP,OVP NLIM NSHIFT NPTS YY) ;
COMMON/ XT IME/ZT INE, TINRDR, TINCNV, TINONL tcayae .
DIMENSION FF (1), SF(1), VSF()) 004710
DI¥ENSION STSTORLN) Dua?20
10 CALL SECOND (TIMED) 0ca733 ;
X0Bw=P, 7420, 006T7A0 ,
X04w108,./7124, (1334 1) ;
A02a38, 7120, 601760 )
203998, /7120, poerYO .
19 X40%-1,/16, 004780
Y 1m9,/18. CCHLY90
foPxp 0isel?
NNH IS (V2=VPT) /DVeL,S 006880
I (NMY LGE.NNWI} ISTOP®Y 004820
] IF (ISTOP.EN.1) NNImNNNI [(T1Y R 1]
JURPRENLOSNS TS [TLY2 Y
JJUPRe 1 1= NPTS 004050
LINLOO(NLO=1)/4=3 004800
LIMNIBINMIZG) o DOWBT70
1] . SLOW FUNCTION VALUES NFEDED FOR SUSSENUENT PANFLVS AFRE SAVED LYY LN
0N 10 Jsi,0 0Chb30
10 SFSTOR( J) usF (LINNT ¢Y= D) 04960
NG 20 JOLIML O, LIMNT & 004910
JVSuldeg) Z4et [14 X} 4]
119
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THIS PAGE 1S BEST QUALITY PRACTICARLY
FROM COPY F'JRNISHED 0 e

-

—
SUBROUT ING PANTL TaIT6 OPTwY YIN &.00a28 W I0/T8
L] SF LU BSF 1) SVSF LIVS? 004930
SF LM ICSFIINL) ONUIPVIFi JVS=1) ¢RUASVST UV OXFINIT (VS 222X 0T0uer  gramys
LLIVSe D) 0069%0
SEAIIR) RSP (o2 e N1D% (VSF (IVE=L) SVSF(IVSIRI ) o X121 (USSP (JVS) sVSECIVSe 004860
110 oce9re
1 ] SEIJOSISSF (I3 e RPISYSF (UVS<1) o XP2PVEF (JYSD O XOLOVEP(UVSe1) SR OGOYSE 00980 j
10JVSe2) 004990
20 cCoNTINUE 6cso0c
N0 30 JONLOyHNT & 009010
JSs (y=g /e 0920
(Y] PRI SFFLIIOLF (JS) 08030 3
PROJOLIOFF (Je1) o NBUPSF (IS~ 1) 0 X 01°8F (IS ) eXOIPEP LISHL)NQIOSF(ISeZ) 005040
FPOJORICTF LI oNLAO (P (JS=1) 43F (IS ) OXSIOLSF I IS) 08P (JISe2)) 00305 -
P ) arrTIeYY o XUNSRT(IS-1) e NOTo T (OB NDLO T (I8 1) oX00SSF LIS+ D) ¢
30 COMVINUE 005070
1} IF (NPFTS.ED.0) €0 YO &9 ocsaen
00 A8 JSNLO, JNXPR 0Cs090
VPa WP TePLOAY (Jet) oDV 068100 -
V) PRINY 980, J,FFLJ), VP 068120
00 30 JsYJPR  NNT 308320
: L] VPaYFYeFLOAT ( Jo3 ) *DY 005136
: L1 PRINT 908, J,FFiJI,¥» 005340
. CONTINUE . 065130
i 00 Y& Jsi,0 008160
b 70 SPILIMHIJ=S)aSTSTORLYY 208170
: L 1] NLINSNHT =ML 0 o8 065380
3 VAPRYIVOFLOAY (NLO=1) o (W 0US1LE
! VEZPOVFT +FLOAY (NMI~1 )00y ces200
{ ¢ ViP I3 FINSY FREQ GF PANELY 005210
; ¢ ¢2P IS LAST FRZO OF PanNELY 0cs 220
i 1] ] WAITE (KFILE) VIO, V2P, 0VP,NLIN ccs230
3 3 WRITE CRFILEY (FFIJ) , Un HLONNT) 0G3240
! BUFSER OUT (KPILE,1) (VEP,NLIW 0C52%0
: IF WUMITEKPILE) .F0. 8 ) STOP p0%260
AUFFER OUT (KFILE,4) (FF (NLOD,FFINNT)) ces2re
'Y IF (UNITURPILE) LEO. O ) STOP 08280
VFTRVPT o FLOAY (NLIMF-y )@ DY ors290
] TIF (ISYOP.EN,1) GO TO 140 8308
. JFm] $i8¥.
1 00 80 JENLINF,MAXF 0CSTRD
0 FELIFImFE(D LIRS
a0 Jregray CiB3a:
b N0 80 JnuJF, MAXF 0C8s0
] 1] I 008360
Jseq cL53?”
4] DO 100 JuMLINS,MAXS oLs3a’
SFLJISIe s () 0083N
100 JSe Sey T M1
00 110 JwJS,wAKS {eSL10
110 SPFtJisb, oL S420
1 (1] JVsey 003
) 00 4120 JoNLINVS, HAXVS [TEIYY
] VSFLIVS)a VSF ( J) o 005450
120 JVSwJySey 00 Sk60
00 130 JeJVS, NAXVSE oLSer0
(1] 130 VSF(JIed, D0S4AL
NLOaNSHE?Teg 003490
180 CALL SECOND (TINME) 0L B%00
TINPNLSTINPHLoT INE-TINED 009330
RETURS 008320
L 1] (] 609830
c 009840
€ (1313 .
00 FORNAT (110,20%,C12,3,F12.:%) T
e (111341
1]

120
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CONNON PP OP010) , 00 (20300 pLerec
{ COMMON /MAIN/ XFILE, UPANEL, PO, TEn") 0ery
P CONMON /XABS/ NNOL XTOCT) ,SECANT ,PAVE , TAVE ,HNCLIDET) JHK(T), 008728
I s ¢ OV, Ve, V2, M AYER 1121
{ DINENSICN SAVEDD(S), A1(100, A2C10), A3(20), AG(10) 8T P80
COMNON /0P IL/ OVLIP,0V2P ,00WP N, IND 008780
| CONNON /NPANL/ V1P, V2P, 0V NLIN 0r 8760 g
i 13700y 1X 132 i
} 10 CALL SECOND (VIME) sterer b
PRINY 220, TINE 000790 f
 LLTCT 00 0000 -
IRAVEwe T . ‘
SAVEDOLA) ug, t08020 5
13 ¢ (TYYY] .
C ISWALLuE, IF OVIKe1) IS LESS THAN OVIK) 00880 * 1
¢ c0sese .
IF (ISPALL.EQ.1) €O YO 10 T . _
TOLDeLFILE ocseTe .
0 KNEW P ILE sLesse
; ANLaKPANEL oDssso ,
60 YO 20 paens ;
) KNEWeLFILE TITTL) gi
T0LCoxe ILE or 8928 i
2 KALOICLOML uC oy 3
2 RENTND 11 TI11Y] !
PRIATS , “NFILELFILE  XFILELKPANEL “ MFILE ) LFILE ,KFILE, KPANEL 'TTH i
REMINE 12 Y !
RENIHD ¥PILE oL 897y 1
" SAVENInD,. D oLbvalt 1
s REAC(RFILET (XIOCID , Tudy ) o SECANT PAVE,TAVE o (NFOLIO (T 1,101, 7)), 008990 g
 § LANNETY, 255 o 7Y 0wy V1, VE,NLAYER acen oo .
t WRITE(SFILE) (RINCT) T08, 70 ,STCANT (PAVE (TAVE , (RHOLIN(T) y 101,72, 219,10 v
£ LOMKEID, 331, PD 00V VL, VE, NLAYER (19,20 3
A 1] ] READ WLFL\F) WI0CL),MIOLD) ce9E™ ‘E
QUFFER YNAXFILE, L) (XT0C1),XIT(2)) L i1
TFCUNITIARYE) LE0, 0) STAe™= 2= arepse B
200 BUFFER OUT(NEFILE 41D (XTDCL) (NLAYER) 00940 I
IFALNIT(MFILE) €O, O) XTOP™ 1™ v{o. 70 H
. €20  BUFFER INILFILE, 1) (XIDC1) yNLAYE® 0¥ {
; IFCUNITILFILYD) €0, 0) STOP™ 3= ocoecee i
268 DO X0 Key,$ ceagoe |
e SAVEOULXIma, 00911, !
} ATUSERTTYRF ac9s2e 5
" ASn1, 8/ (ATYOEC1,0) 009130 5
: IFLITYPE (NE, 0) GO TO &30 0C9aed 4
i (] L9150 t
% C 171 RAVID OWLY 009360
: c LTSN i
f 1] DO &35 K0Dst XKML 109185 !
H BUFFER IN(IOLN, 1) LOVLP, NLIO) 0e919¢ "{
! TF(UNTT CIOLOY EQ. 0) SToP=i12= 009200 "
i BURFER IN{TOLD,1) CNUNELL) o PUNF (NLTHOY } 009210 i
} TFLUNTY CIOLO) LEQ. 0) STOP=ge= p0e220 '
3 1] RUFFER TN LKNEN, 1) (V1P NL W) NI R
. TRCUNTIT (XNEN) ,ZQ. C) STOP™14* 0L a4 1
- AUFFER INIXNEN, 1) (FRL L) (FE(NLIMY) 009%D 1
IFCUNITORNEN) (FQ. O) STOP™13" 009260 ¥
DO &abd XODey ,NLIX X~ 14 .
. A0 FF (XOD) aFF(KOD) + DUNE{ XOD) p09280 H
BUFFFR OUT(MFILE,1) (V1P , N IN) avazen ¥
TECUNTT (MFTLE) LE0. 0) STOP=ja- 009300 i
BUFFER OUTIMFILE,1) (FF L) FF (N TH)) 0L 9310 0
IFCUNITINFILEY LEQ. 0) STOP™:i7™ 009390 i
1} 3% CONTINUE 209330 W
$0 0 210 0093a0
¢ 9 9380 X
C ALL PATIOS PXCE®Y /% 009360 .
¢ ITAL] §
1] 43" LUSITYPEe oL 9380 ¢
00 40 JPGui,ITVPRC 2. 9390 :
TR 069409 L:
Pui.NetAPOARE) [T T m
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'- THIS PAGE IS BEST QUALITY PRACTICABLR
FRON COrY FURNISHED TODDG

SURROUTINE ABSHMRG TA/T6 OPYsy FIN 6028 03/34/78
!
3 t 069420
, 3 Cesoss THE FOLLONING ARE THE CONSTANTS FOR THE LAGRANGF & FOINT 009430
3 C INTERPOLATION, Sessssas 009440
: ¢ 009450
ALCUPG) PO (Pel 02 *(Po240) /6.0 0096
A2(JIPGYa(Pe® 2oq D)% (P=2,0)%0.3 00970
’0 AS(IPC) 8PS (Pos,0) *(P=2,0) 0.5 0094680
3 AW (JPG) sP® (Pes2o1,0) /6.0 069490
4 40 CONTINUE 909500
, ¢ 069810
C sesssens PEGINNING OF LOOP THAY DOES AODITION Sessssnss 0C9520 ;
s ¢ 009530 "
. s READ(IOLD) OViP,0V2P,00VE® ,NLINO 009840
AUFFER TN (TOLD-1) (0 V1P, NLINO) 00958
TFCUNIT(IOLD) E0e 0) STOP™ &% 00 9580
1 ) REACCTIOLD) (OUMFC( J) y Jm 1,80 INO) p09s 7o
3 90 310 BUFFER INCIOLD.1) (DUMF (L), DUNF(NLINO)) 009580
. IFTUNIT(IOLO) oEQ., 0) STOP™ §= 009590
- 320  NVSsg 309607
t READ(KNEN) Y19, V2P, DVR,NLIN 009610
BUFFER TNCINEN, 1) (V1P NLIY) 01962¢
.8 IF (UNIY (KNEW) €0, 0) STOP™ ¢~ 009630
) REAT(KNEN) (FF (J) ydn 1, NLIH) 00964,
IO  BUFFER IN(KNEN,1) (FF(1) ,PEINLINY) 009650
TFCUNIT(KNEW) EN, 0Y STOP™ 7 It 9660
360 FFRUL)uFF(1) +NUMFCL) 009670
16¢ 11s2 0e9e 80
60 Jusy £.9690
NO 170 JPGuL 4L\ 00970,
IF (JEG.EN,LL) GO TO T 909740
IF (NVS.FO.1) GO TH 8¢ 0rg 720
108 6C 0 9¢ acersn
70 FFUIT)wFF(TII)+DUNF(NYS) 0C9740
G0 10 110 0c97%0
80 TELSAVENN (&) E0. 0.0) GO Yo 81 009760
DUMFYaSAVEQN(4) 069770
110 G0 YO 100 ocorac
[3Y DUMFYSDUME t4) [d-2 419
GO 10 100 098 50
99 DUNFY=CUNF(NVSe1) 0C9s10
100 FROIIIRPFITIISAL (D) POUMFY 4 A2 CJ ) *HUNMFINVS) AI(IJ) *DUMF (NVSe 1) el 0t 00%e2¢
115 1JJ) *DUMF {NVR+2) 0098 10
110 NVSeNVEey 8C98us
IF (NVS.LE.WLIMO=2) GO TG 140 (98 Q
SAVEDD (1) = DUMF (NVS=1) 009 .0
SAVFDD( 2) =DUMF (NVS) 0CYs /0
120 SAVECC () =DUME (NVS+4) 009680
SAVEDD( &) = DUMF{NVS=2) uc9a90
s RESP(IOLD) OVIP,0VZP,00VFP,NLING 00993¢
$ IFCEOF(TOLDY) 180,420 009910
BUFFE® INCIOLD,1) (OVIP,KLIMOY 009925 i
128 TFCUNITAINLD)) 120,180, 420 009930 !
120 NLIFOSNLIMO®S ¢{ 9940 4
s REAC(TOLO) (DUMF () yJu b, NLINO) 2¢99 8¢ i
s IF(EOF(IOLON) 180,130 009960 !
BUPFER INTTIOLD, 1) tOUNFI&) 5 DUMF (NLING)) 4t 9970 :
130 TFCUNIT(I0LD)) 133,400,130 009940
130  OUMF (1) =SAVEDD(1) 009990 p
DUMF (2) sSAVEDD(2) 610006 :
OUMF (3)=SAVEDD(S) 110030 :
NVSs? 10020
138 160 IIeIIet A 010c 30
Jdugged 040040 ,
Tt (IX.GT.NLIN) 60 TO 150 010050 ‘
GO 1O 170 240060
180 ITelle G10670
1490 AVRGS (SAVEDD (™) +SAVEDDLZ 11 %0, 0106 80
200 FECITISPF(TII) ¢AVAG o1509¢e
T 1144 810100
TF(IT (LF. NLIM) 6D TO 200 010110
|
127

U o R U O syt AT e e o st v i e v AR v SRR Tkl ;S:;;::‘::‘i'..,_&"“ iJ
I T TS R S "N WA CR \ SR Va2



RGN Bt diaude e iy o it

i ,'I‘W&A;ﬁmm«;uﬁ, S A,

2 AR L 0 0 PR

THIS PAGE IS BEST QUALITY FRACTICABLE
FROM COPY FURNISHED TO DG

SUBROUTING ABDHRg PA/T8  OPTei ALEW L] WL
: T
C MRITE ocUTPUT ¢ 104
108 ¢ 1t ne P
150 MRITEIMFILE) VP, VER, CYE, NLIW 21330
] MRITE(MEILE) (RE(J) g o ey NLIN) 010100 B
1350  BUFFER OUT(NFILE 43) (VAP NLIMY 040170 s
180 IFCUNITINFILE) EQ. §) SYOP™ o 010180
3P0 GUPFER OUY (MFILE,1) (FFLL)PRLMLIM) 010190
TFCUNITINPILEY €0, 0) SYOP™ @® nezee
30 IRNLOTHNL Y 010240 -
Ie (TRNLLLE. XNL) 6O TC 108 (3(131] o
199 0 0 10 13111111
] REATUNEN) VIP, VEP, DVE, NLIN marsg .
180  BDUFREER THOKNEN,1) (VLR 0 TN) 030280
TROUNIT (RNEM) B0, §) STOP™ 39% 910260
s READCRNEN) (RF (D) 4 Juy, T t1e270
160 390 AUPPER INCKNEM) 1) PR L), FRANLIM)) seRs
TECUNIY (KNEWD oEQ. 0) SToP= 11= 10299 .
£ TY . ¢ £ 1 010300
ATO  CONTIWUE 1N
NYSaNVS=1 - ::::g:
18 60 Y0 60
210 REWIND KFILE 010300
¢ 030380
CALL TECOND (TINEL) 010340
TINT INEL =T IME :i‘:!,:%
PRINT 240, TINEL,TI®
ive u}mn AL ’ 10340
¢ 010600
c 310010
¢ ° 10820
178 Z20 FORMAT (S0 THE TIME AT THE STARY OF ABSPRG IS *,Fi2,3) 010430
NG FORMAT (%0 THF TIME AT THE END OF AMNSHRG IS®,F12, M/F12.3,% SECS M Ji0ned
AR RFQUIRED FOR THIS ADDITION®) 010690
END Ty
CSURROUT INT EMINTY 14 Y24 QPTey FTN h, o028 +3786/778
1 SUAROUTINE TMINITIZLOUK, TBOUND NFILE) 010470
COMMON EMISS(2610) ,COCTESCI01),PF (2040),E0GEL1202) 1060
CONNDN/ MATN/ CFTILE, KPANEL ) PO, TEMDD 010690
COMNON/NE N/ NYOL , XTD ) STCANT ,PAVY JTAVE y NMOLIL LY ) WKLY, 010800
s t PV, V1, V2, NLAYER 040819
. COPFON /OPANL/ OVA®,OVE B, 00VE,NLIND 0108¥0
n
[+ (I IS YTTYILYIYYTYYYYSYYY IV RIYY SIS N VASLNI NS NI LTI A LI R T Y 1173 g::::o
r Bevser  THIS SUBSROUTINE COMPUTES THE EMISSICN FOR THE FIRSYT LAYER oo+ 0108330
‘e c S0V INNISBONIVORINIRLIONIDIITRNBIIPIVNITIFNBNADRINGINNONS 0105‘0
¢ 040870
C TOOUNC IS 5 TEMPERATURE USED IN COMPUTING A 2.aC% 800Y WNICH IYLITH
€ NILL AT USED AS A ROUNDPY, 010390
¢ o600
1 EXPE(V)aFXPCAMANAL=178,0,4V)) 030610
ARODY IR (1 AOLNE-L20XSS ) /7 (EXPP (L AITE*R/TAVE) o1 ) 020020
BOUNN (X )= (4, 1010E=1 20 X0 3) / (ERPFLL HIPBI*X/THOUND) =1 ,0) 2200 %
PRINT ®, = EWINIT, MFILE, XFILE ™, MEILE,RFILE 010040
CALL SECONDLTING) 0108%¢
20 1T 0106840 .
RENINZ wFILE YT
s nao«nuuu:om.r-s.n. snunt.nvc.vut.mnoumn Wiy, 10880
H LEMRAT) 4 Ju 4,70 oDV, VL 4 ¥R NLA 110090
] MRITE (NFILEY IXI0(T) 108, T} .secam.nv:.nv:. (NMOLTIOIDY 20l 7Y, U
s t LANRETY g Tl 7Y oW, V1 VR, NLAYER 010710
BUREER TNCHPILE, 1) (YTO(A) yNLAYER) gscreo
TFIUNIY (KPTLE) .EO. ©) STOP o10v30
RUFFER QUTEMFILE, 1) (XTDCL) JNLAYE®R) 010780
TELUNIY (MEILE) &N, Do) STOP 01.7%0
30 00 1 IYm1,KSANEL 030760
t REANIKEILE) OVIP, VPP ,00VH, NLIMO 016770
128
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THIS PAGR I8 AEST QUALITY PRACTICANES

| FROM COFY FURNISHED oo
:
i PRWYTING TWINIY V4 T A1 8 & Q000 W1/
)
¢
WUPFEW TRINPILY, mem.mm; 010700
IPCUNTIT IRPILEY .E0. 0,.) STOP 10708
SESINSQVLP 036800
"% OveODVE 10810
00C=gE N (3113 ]]
103 c10030
{ 270 SOCIES(2)e0BONY COEGINY 040040
g TF(TOOUND EQ. 0.) 6O YO AD 0100890
(1] COSE( NaBOUNDIBERIND 010040
(1] Juleg e
IPLY 67, 401) STOP 010880
. SRS INCBTEINGE 0 (21111}
TFLOTELIn LK. OVEPes.0) 60 YO 27O 010900
(%] IFLT 204 2) BODICS (2)eB0DIRS (LY 010940
QOMONeEYL A% O VLR TAYE 010920
IF(COMON LE, &.808%) €O TO 200 01093¢
VENONSY, 01¢940
. 0 Y0 90 010980
(1] e OENCHEL ) =EXPE (=CONEN) 010980
200  OVROFaOVLPSL 0E~-4/7403(3.0~(COMNONZDENOM) ) ta0070
M B0DIES 1) 010980
(11141~ J§ 3] t1099%0
IFCTIBOUMD R0, 0.) OZeQ, 6138120
L 1] TESTERsQyye 0110140
CHANGE= OV 1P OVRRF 01120
LYESTey 011030
3 READCRFILEN AP (J) g Uul (NLINO) IR Yy
BURFER INAKFILE (L) (PR L), FFINLINOY) g18L8¢C
(1] IFCUNTTIRFILE) (€0, 08.) STOP 311060
20 N0 2 Jmi,NLINHOD MLd T
FE(N P IOR(=FEL))) 01148
IFLILO0K EQ, 6) GO TO 3@ 011040
[ 011120
[ 1] T CRISEICA LOCKING DOWN 0311180
c 01112¢C
EMISS(JIu (1. D=FFLD) I RROFR L) ORE C11132
c 11340
4 041a5¢
r0 60 TO ¥S 21116(
c 011170
¢ ENYSSICN LOGXING UP 11141
¢ RETL)
t0 EMISStJIeti 0=FF(I))onn ce420C
s 38 TESTERRYESTER DV 03128,
TF(TESTE® ,LT, CHANGEY GO TO 2 01822¢C
COMCNSCHANGE» 0N 011230
08aROCIESILTEST) wtAODIES LLTESTI=RODIESLLTIEST ¢1) ) *COFCN C13240
IF(TBOUND NE. €) Afx FOGECLTEST)I =t EORTILTESY) = SDGEILYFSTe ) 0112%¢
[ }] 1) *COMON 011260
CHANGES CHANGE+ DNV ORF t3127;
IFLCHINGE GE, BODet.M G0 YC S f1g28¢
60 Y0 2 031290
8 LTESYaL YESTet ngg3one
9 800280044,0 014310
4 CONTINVE 031%2C i
$ MRITEMFILE) OVIP,OV2P,0NVP NLING 0311330
] WRITE(METLE) (ENISS(J) yJIm i, NLINO) 31134)
] WATYE(HEILEY (PP L) s Ju iy NLIYO) 04138¢
L 1] RUFFER QUT(MFILE, 1) LOVIP NLINO} 011380 ]
IFCUNITINFILE) B0, 0,) STOP 011372 :
BUPPER CUTIMPILE 1) (EMISS(1 ), CHISSINLING) 011380
IFCUNITINPILT) .EQ. 040 STOP 0331390
) BUEFER CUTEIMFILE, L) (TF (1)  FRINLING)) 11400
[ 1] TP CUNIT (MPILE) (EQ. 0,) SYOP Ciges0
1 CONYINUE 011420
CALL SECOND(TINEL) - 013630
TINEuTIMEL-TINE [2RLL1)
. PRINTY © ,TINE,™ SECS NERE NFEDEZD FOR EMINITY = 914480
109 M YURN 011480 |
[L1] (13X %4 :

129
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THIS PAGE IS BEST QUALITY PRACTICABLE
FRON COPY FURNISHED TOLDC :
SUBROUTING BNy TM/76 OPTmy FTH G.lea2l 03714778
1 SLEROLTING EMUP INPTS, ITYRZ,L FILE, #FTLED TRULY) ©h
CONNON OLDEM( 2420} ,0LOTR (2420) ,NENEN (2410) 011490 ;
CCPNON/HATM/ KPILE,XPANEL 20, TENPY 021580 o
CONNON/ YENTSS/ NNOL, XTOCT?) o SECANT  PAVE , TAVE JHMILTO () 4 MK () 013510 ;
s c NV,VL, VR NLAYER c11820 .
COMMON ZOPANL/ OV1P,0V2F, ONVYP,NLIND 011530 )
OINENSION FNBAVE (L) yA20100 (A2(10) )ASCL0),ANC18), TRSAVE (&) 011340 1
DINENSION TRE2A10),NENTR(1),0007€3¢108) 011589 3
CONMON ZNPANL/ VAP, VEP,0VP,NLIN 011860
10 CQUIVALENCE (TRU2D,NENTR (1)) 043870
REAL NEWEW,NEUTR g::g:o
?
[ S008IV VVS VLSV 0LPP S90S SSIBIDIVLBBIOLIISVIBIIISBINGILITIS VN ING 0‘150: .
C oosess THIS SURROUTING DOFS THE LAYE® ADDITION FOR THE EMISSION *®ees 011810
i ¢ LOOKING FROM GPOUND TO SPACE. 011820
Lrd SOVSDIIGVIBIITIVUIVIRIVOVIIB ORI ININELBIBINIBBINININGSS oxlg“
3 c 011640
o1 EAPFLYISEXPCANANS (=1 70,8,7]) 011650 . '
| NODTIXI R (1, 2040E=120X0®3) Z(ERPF (1,437 N/TAVE) =1 ,0) 011660
H (1] EXPHINSEXP (=174 .9) 081670
Py CALL SECONDLTINE) 011680
: PRINY &, & TP, WFILE, LFILEy KFILE =) WFILE,LFILE,XFILE 043690
: PRINT 220, TINE 013700
(| £  T1TCT 034740
E i s BRINT *,* THIS OUTPUT IS WRITTEN ON FILE =, MFILE 011720
13 ¢ 01473
4 KNL oXPANEL - 031749
: 20 SENINT WPILE 01178
H REWIND LPILE 011769
st RENIND NFILE Ja4T7¢
: | A QUFFEP IN (WFILE,1) (XI0(1),XTNCE)) 0317ad
by IF (UNTTILFILE) .2Q. 0 ) SYOP gLa7em
; SUFFER IN(RFILE (1) (XIDU1) ,NLAYER) 931000
H IF(UNITIKPILE) LEQ, ) STAP 014040
b 1] SUFFER CUT(FILF,1) (XTO(1) ,NLAYER) 011820
I TFCUNIY (NFILE) LEO. 0) STOP t1183
; DO 30 Kai,b 0118640
¥ EWSAVEL{ N wl, 211882
- 1 YPSAVEIKInG, 01146,
P Y] ATYPEwITVRE vala?;
N 1FCITYPE (NE, 0) GO YO &30 [SELTN
ot t 81349"
SN € $/71 RATIO ONLY g1,
i c 01244¢
18 L1 JUGeY 21492¢
[ 12 JOtu2 031930
4 G0 10 340 02494e
SYR AUFEFR TN(LFILE,1) (OVIP,NLINO) 814950
IFLUNIT ILFILE) JEO, 0) STOP™P™ 111960
s0 SuFreER xmuu:.:uetunm.on.omnmon 013979
IF(UNITWULFILE) B0, 0) STAP=¥= d1194"
susrFER munt.uto\.eum »OLDTR(NL THOD) 92199
IPLUNTT (LFILE) Q. 0) STOP™4™ 012000
nO S30 Jeg,NLIW 032018
ss NENEM(Z)mOLOENIT) ¢ 01, U=TRCT)I*BB%OLOTRI T} t1202¢
NENTR(I)a TRUT) SOLNTRET) g120¢
TESTERRTESTERINYS 032040
TFITESTER (LT, CHANGE) GO To 8530 012090
CONCNSCHANGE =ROD 912440
1 s P00TESLTEST)= (BODIESILTEST) =A30Y ES(LTEST ¢ 13 ) SCONON 012070
CHANG R CHANG Z oD VaRP 12880
TF(CHANSE GE, BOD*1.0) GO TO %40 C12090
&€C YO 3¥0 612400 .
. 880 LYESTLTESTey 012130
. 800580N 1. ¢ 01312y
$30 CONTIWUE TY IR 1]
$0 Y0 198 012140
S50 INNLETCNL oY 21248
IFCINM JLE. ®NL) GO TO 360 012160
70 §0 YO 210 012470
¢ 012104
C ALL RATIOS EXCEST 1/% 032190
¢ 12200
AIF  LLeITYRRey 0s2210
130
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IS PAGT IS BRST QUALTTY PRACTTGADN
COPY FURNISHED 70 DDg
SUBROUTINE Enip TW/Th  OPTsy FYN 4.6o428 03/ 1/78
14 1 W 7TV T 012226
JOG=1 012230
00 48 JPGsy, ITYPE 032240
APGsJIPE 012250
P, i={ APSARG) 012280 o
[ 1] PRINY 3 ,™ Pu P p12270 :
¢ 012580 ;
C ®oses THE FOLLON ARE THE CONSTANTS FOR THE LAGRANGE & PCINT 012290 ;
t ®ssss INTERPOLATION 0g2300 :
¢ 032310 i
(1] ALCIPGI PO tPal 0} 8 (P2, 0) /608 012320 O
AZ (UPG)u(PS82.1,0)% (P=2,0) *0.8 012330 Con
AS(IPE) 0=PO(Pes 01® (P=2,0) 0.8 012540 R
o A (JPG) BPO (0024 . 8) /6.0 012380
. CONTINUE 512380
“» ¢ 012370
C Sosss REGINNING OF LOOP THAT OOES ADDITION oesvss 012385 ;
¢ 012390 H
. JUGe1 012680 T
t READILFILEY CVLP,OV2P,00VP, M. IND 012410
” BURFER IN(LFILE,1) COVIP,NLIND) 082420
IFCUNITILFILE) (EQ, ¢) 3TOP 012630 ;
¢ 012440 .
g NEVENW IS THE REGION POR THE EMISSION SUWMATION gzguso
12460
1] s RCADCLFILED COLOEMESY p o ,NLINO) 012670
BUEFER INCLFTLE, 1) COLOEM (1) » OLOEMINLIND)) 042480
IFCUNITCLEILE) .EQ. O) STOP 01269
¢ 012800
C NEWTR 1T TME REGION FOR THE TRANSHISSION SUPNATICH 642510
s c 032%20
BUEFER IN(LFILE, 1) {OLOTR(1),0LOTRINLEHO)) £128 30
IFLUNITILFILEY .EQ. 0) STOP 012540
! NVSst 012550
; GC TO 360 012560
d 110 360  NENEM(1)mOLOEM(1)¢(1,0=-TRELDI*BASOLOTR(S) 042570
4 NENTR(2)aTR(1) *OLDTR(1) 012880
! YESTER=TESTER VP $1259¢
: T1e2 012660
| 80 Juxy 312220
E 1262,
113 8 01263,
DO 190 JPGEL,L; t12500
] TF (PG .FQ. LL) 6O TO 70 012650
IFCAYS (EN. 1) GO TO 89 312689
129 60 10 90 012670
3 70 NEWEMCTT) OLDEMINVS) ¢ (1, 0=TR (11 ) *BRSOLOTR (AVS) 012680
NENTREITISTRIII® OLOTR(NVS) 042690
YESTERS TESTER4DVE 032700
60 TO 110 012710
129 80 TF(EMSAVE (&) €0, 0.0} GG TO 832 pg2r2e
EMSTORS ENSAVE (&) 212730
TRSTOME TRSAVE (&) L1274t
60 10 180 912750
8 EXITORECLOEN (1) 042760
1% TRETONEOLOTRES) g12770
GO 1O 100 012780
°0 ENSTOR=OL DEN INVS=1) 042790 g
TRSTOPE GLOTR(NVS=1) 812800 !
) 0128140 :
138 C IMNTERFOLATE FOR TME OLD ENMISSTION g:::gg |
200 CLDENTS AL (JJ I SENSTORS A2 1 JJ) *OLOEM{ NVS) *A3 ( JJ) *OLDEM (NVS+1) ¢ 0128 4¢C
1AM NS) POLDIM (NVS o2 212850
‘ [ 012860
180 C INTERPOLATE FOR THE OLD TRANSMISSION ::::::
¢ ALOTATISAL (JJ) P TRSTOR+AR £ JJ) COL DTR {NYS) ¢AZ( JJ) *OLOTRINVS+1) 01209
144810 POLDT R(NVSe2; 212900
. NENEM(ITIOLOEMT ¢ (1 ,0TR €211 )*28*0LOTAT 012910
148 NENTRIIT)ISTRCIT) SOLPTRY 212920
TESTERTEZSTERe VR 012930
120 NVSeNVSeq 012940
IFCAVS JLEe NLIND=2) GO YO 140 012950 l
ENSIVE (1) =OLDEN VS -1 032980 i
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THIS PAGE IS BEST QUALTTY
PRACTICABLY
F390M COPY FURNISHED T0 DDg ~

: SUS ROUY THE T mue Ta’Ts 0Py FTH 6. e 20 DIZANITS
A
| 198 CTCIVYTETSUBERTRVE v29ry
H EMSAVE LI wOLDENENYS 1) 032980
£ ERSAVE (o) wOL DEN(NVS =2) 112990
' TRSAVE (1) wOLDYRENWS =3) 0135390
. TRSAVE (2)wOLDTRINVS) 913010
a 189 TREATELY) wOLDYRINVE +) 913020
| TRSAVELAIWOLDIR ANVS D) 013030
| s REANCLFILE) OVIP,OVRP,00VA, NLTNO 043 40
‘s s TFLFOFILFILE)) 180,128 013080
%i BUFFER IN(LFILE 1) COVLP, NLING) 013060
; 140 TFCUNITILFILE)D 420,388,300 03307
i 124 nbxno-uanuns 913060
{ t READ(LEILED LOLDEMIIY 4 Jut L NLINO) 8130980
4 RUFFER INCLPILE ) (OLOENTA ), OLOEMCNL TNO) ) 013100 .
‘ TFLUNTTALFILEYY 130,160,330 01311p
| 168 $130 READ(LFILE) (OLOTR(JIY, Juk, HLI%0) 043426
3 130  BURFER INCLFILE,S) (OLOTR (M) JOL DTR (NLTHO) ) p13130
! IFCUNTT LFTILE) LEN. ©) SYoOP 213140
S OLCPM L ) aENSAVEL 1) 013150
4 OLCEN(2) s EWSAVE (D) 313165 .
3 170 OLOEM (I ) aENSAVE (3} c13re
| OLETR(1}=TRSAVE L) 013160
1 . OLDY® (2)n TRSAVE 12) p1v190
; OLOTR (3N TRSAVEL S ps et
NVSE? v1324C
18 140 IIwIles 013220
JJRar} 033230
IFCIT LCT. NLINY GO TO 180 013240
G0 Yo 170 313250
g 013260
180 C AN EOF WAS OCCURED ON THE FILC FOR THE PREVIOUS LAYER gs32ary
¢ 013280
180  TIalley 013290
EMin (EMSAVELS) ENSAVE()) * 0,5 913300
TRi= (TPSAVELY) ¢ TREAVE (2121905 013210
188 200 NEMEM(TDIOEMIs (3,0-THU1E)) SBOSTRY p13r20
NEMTRI{ITIaTR(IT)I®VRg 033330
Tla1Ye} N AT
IFCIT JLF, NLIM) GO YO 299 PR TS
SASD WRITE(MFILECIVIP, VI  DY,NLIM [N LTY
190 ¢ WRITE(HFTLED (NEWEMCJ) o 00 { o NLTH) 233372
s WRITE (METLED (NEWTREJD o Ju 1, NLIN) : ciavAr
[ [ R ALY
¢ WeITF OUTPUY FTLE 134 0¢
c J1 3410
198 150 BUFFER QUT (MFILE $) (VEP KL IN) 043420
TFLUNTT MFILEY 80, 0) STHP 0136 3¢
BUEFER CUTCMFILE 1) ANENEMTL) JNENEM (NLTMY) f13kk
IFIUNTY (MFILE) LED. D) SYOP DIMSD
MUPEER OUT(MFILE, L) INENTR(1) ,NENTRINLEN)) t3346L
200 IF(UNTY (MFILE) %0, D) STOP 367D
IF ( APYS (LE. T ) 60 TO ¥ pI3MAD
DO 320 Jug,NBTS oS 349
VPeV1P4 FLOATY (= 1) SDVP 033500
320 PRINT GO0, JyVP NEWEML.2) JNENTR(J) 033510 :
208 JENDENL IM~NPTS44 813820 -
DO Y88 JeJEND, NL IH 033530 ’
VRSVIPLFLOLT (It ) o0Ym 033540
330 PAINT 300, J, VR NEWENCJ) \NENTRID 017850
900  FCRFATCIL0,F12.8,3E18,8) 213860
210 3T CONTINUE 013570
GC YO (548,530,006 2338 8C
4% TKNLeTKM 44 053890
TFCIRAL oLE, XNLD GO O 380 033600
G0 1o 210 713640 .
s 160 JUGep 013620
380 RUFFER INCKFILE,1) IVER,NLIN) 033830
TFLUNTT (KPILES oE0. D) STom 033640
BUSFER INCKFILE, 1) (TRE4) ,TRINLIM) 033680
IFLUNTY (RFILE) LEQ. D) STOP 61586 .
E1L) ¢t 03 387¢
€ COMPUTE THE BLACK BODY EVERY § WAVE # BEGINNING AT VviP 03680
" 013690
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WIS PAGE 1S BEST QUALITY PRACTICABIR

FRON COrY FURRISHED 00 e
SUBROUTINGE NP TV 0Ptet YN 40420 Wi
; 225 Topastem 033710
70 SOCIES(1)=8A00Y(NEGINY '.’,’,;:% :
Teget u137A0 i
TPCY 6T, 1810 STOP 170 |
SECINGBEGINGY 0 "MITN co
230 IF(RECIN (€. VEPe1.0) GO YO 27O T A L
IFCY €0, ) BODTES(230MODYES(L) TeI Y Y
CONON®L o MAOVLIP/TAVE 243780 i
AR (COMON LT, 4,805) GO TO 200 813800 A
DENOMeY , 033810
. 238 €C To 290 043620 4
200 DENOMaL 0=EXPF(=-CONON) 813830 ¥
200 OYMRFAYIPe L, OF+a 2 ABS (3. 0= (CONONZDENON) ) 033640 :
cee PRINY *,(BODTFS (LUDI,LUN™1,101) 213880 g
A8eBODITSIL) 013060 v
- 2et TESTERWVLP 213470 )
CHANGEw ViPoNVERF 013880
LTESTus 083090
DO 260 Jeg,NLIW 213960
TRIATAC S TR
28 TR(JIwg, t13920
IF (TRJ LE. 8. ) GO TO 260 813430
IF (TRJ oLT. 47640 ) GO TO 284 013940
TRJ) o APMIN 013980
GO Yo 2688 043960
250 258 TR(YEEAPL-TRY) U13970
260  CONTINUE 1 394¢
GO TO (340,350,538 ,JuUG 013990 b
350 Tlet [T )
, 170 TFLTESTER LY, CHANGE) GO TO 190 t1an10
, 2% COMDNR CHANGE =B 0N 036020
: BRSRONIES (LTEST) = (BOD IFS (LTEST)=RODIESILTE ST 04))*CONON TTRL i
3 CHANG T CHANG E+DVEBE TSN i
: TF(CHANGE .GE, BOD+1.0) GO YO 300 ST L s
N 0 YO 190 YR ;
. 260 300 LTESYsLYFSTey 03,72 s
5 200= 80N+, 0 334,82 '
Ty 190 CONTINUE 114090
y ik NVSENYS <y 034420
i ) c YTYEL)
My 285 %0 10 &0 03612t
iy 210 REMIND KFTLE 338133
Ey c fthaed
5l CALL SECOND(YIME L) {38180
Py TINAYTIMEL =T INE N18160
P 2vo OPRINT PAD,TINFL,TIN 014470
) g RETURN V14189
Pl c BIN19 :
E ! ¢ 034200
. ¢ 234210
27e 220  FOPMAT(®0 THE TIME AT THE STARY OF ENUP 18 *,F12.)) asap2n
i 250 FORMAT(S) THE TIME AT THE END OF EMUP IS *,F12.3/%12.3, 03230
¥ 1% SECS WERF REQUIRED FOA THIS ADDITION®) TSI i
314250 ‘
.’; END oaagee
-
3 ;
AR
b
g “é a
o
"
3 » =
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CHIS PAGE I8 BEST Oss TiY PRACTICANI
FBOM COPY FURMISHED 10 1 8¢ e

SUBRGUTING ENEOW /76 OPTey PN Loeoadd (Y V2 Y
] SUBROUT INF ENDOMNINSTS, ITVYPE,LFILE sMPFILE) a2y
€ ONNON OLOEN (24300 OLOTRIRAL0)« NEVENIZALD) 0140202
COMBOW MA TN/ XFILE, KPANEL yP0, TENRY Qsed
, CONNON/XENISS, MHOL s X0 7D o SEOANT JRAVE, TAVE, MNOLTO?) WKL), 10303
\ ] ¢ DV, V3, VR NLAVER eyt
! COPPON ZQPANL? OVIP,OVEP,00VR L 120 10320
[ CORNON ZNPANLY V1D, VEP,0¥P N\ 1N BN
( OXNENSION ENSAVE 18) o AL LL0D oARCI0VoASLA0),ANLLE) , TRSAVE (M) 91634¢
| DINENSION TRERALN), MEWTR (L) ,8002E8(131) 014380
10 COLTVALENCE CVREL) ,NEWTRE DD 030340
REAL NEWTN,NEUTR 018370
¢ 014300

C S503334300030000000080338835003303330203000000038300000000000 0‘53.‘ -
£ SSSSOTLIE SUBROUTING DOCS THE LAYER AQDITION FAR TNE CNISSION *88%ees  j34add
18 C sesss 0OKING FROWM SPACE TO SROUND ssassss  praNld
c [ 21T XTI RY YT Y YV I YY1 Y Sl Y PRI PY Y YT PYYYYYRYY Y ¥ 'l‘h*o
f t160 30

CAPFIVIERP ANANL (=170, 0,V)) 016440 -
PIONY(NIe(1.3910C-320X203) 2 {EAPF(L.43700%X/TAVE) =1, 0) 146089
20 EXPNINRERS =174, 8 Dianbt
CALL SECONDITINE) 01470
PRINY 220,TINg 0146400
XMLy 026800
PRINT 8,» THIS OUTRUT IS MIITTEN ON FILE *,WPILE C16800
s ¢ T1a510
PRINY &, = EunOMN, WFTLE, LFILE,KFILE  “ MPTLE,LFILE ,XPILE 016820
KALOKPANEL 214830
20 RENIND NEILY T 1Y
REUING LFILE 014880
v REVING KPILE 034840
SUPFER INILFILE ) n:om.nom) 020870
IF (UNTTCLFILE) «n. © ) STO 014880
AUFFEN mmnumunm.numn 214890
IFLUNTT IFTLE) JEN, §) STOP 108352
3 RNYPFES CUTINFILE 1) (RIDLY) yNLAYEM vanbit
IFIUNTT (NFILE) E€Q. 0) STO® 014620
00 30 Keg,é 0166 3¢
TeRAVEt X)W, J1abel
30 FHSAVEIX)w O, 014680
Y ATYPESY TYPE 01680
TPLITYPE NE. Q) GO TO 430 L1aeT
[+ [ LTI
€ 171 RATIO ONLY 014890
[ 01670
(% JUGeY [ 71344
JOGs2 aser2s
6C YO 340 034730
AUFFER INCLFILE 421 (OVEP NLINGY D1aTAL
TEANTITILFTLE) €N, 0) STOM dserset
30 SUPFYR INCLEILE, 1Y (OLDENMC 1) ,OL DEMINLING)Y) 014760
IFCUNITOILFILE) JE0, 0) STOP taar?e
BUPFER TNILFILE, 1) COLDTRIL) JOLATRINLIPO) ) visrat
TFCUNITULIILEY € ., O) STOP ga478C
NA S8 Tei ,NLIM taanyd
sy ENEMITY B TRUT) SOLOEN(TI ot B =TR(T DI € 2181
INTRIDIaYRLTPS OLNTRLD) dal2d
TESYENR VESTERGOVP 014t 30
TECTESTE® LY, CHMANGE) GO TO 3Y0 ITYYIR
9NONSENANGE = 40D D1Ma%0
80 WO 00CTESILTESTI = (PODIES (LTEST 1= BOOIES (LTEST 1) Y *CONCN 014860
CHANGER CHANGE «OVORY Q14870
TECOMANGE S€, NODe1.0} GO TO S&0 tangat
€0 Y0 B3¢ reas 9t

560 LVESTuLTESTeL 014900 )
11 800200001 . 0 t16910
$30 U NTIWMOE 3T 11
&C YO 1980 016930
S8 IXKNLETENL 4 C1A940

IPCIRAL oLE. ¥NL) GO TO J6O 014990 '
ro G0 Y0 210 214906
c 031487C
€ ALL PATIOS TXCEPY 3/8 016000
c 114990

&30 LAeIVYRRe} 088000 ;
14 JOG=y 215010 !
124
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FROM COPY FURNISHED T0DDC

SUBROUTING EMOCW 1 IV2 T T FTN & beals ATVl

APug, 87 IATYOTI, V) TUITY

APsay e 015040

..‘l.'.“.m. ."t’n

(1] PRINT &,® Pu =0 215060

€ ITYPE IS ‘THE NUNERATOR OF YNE RATIO OF OLDOV TO NENOV WHICH IS CLOSEST CaSgre

g TO A 1/2,2/1,351 EYC TC B0/1, P TOUALS TNE RTCIPAOCAL OF THIS RATIO, o::og

e

C °00008% THE FOLLOVING IRE THE CONSTANTS FOR THE LAGRANGE & POINT T 018300

.‘ e ‘"‘m“."w (IYYITYRITYLIRYYY YY) ""‘.

AL(JPEI 8=PO{Dal (§) S (PR 00 £8, 0 019120

ARWIPEIniPOS Ray, D) (PR, ) %08 219113

ACUREIRaPOPeg 1) S (P=p, ) %0, 8 €18100

. AN IIPE) uPs (BosRay 0/ 640 018180

" o0 ConvINUE 015160

¢ V13170

C *escovenaese RELINNIMNG OF LOOP THAT OOES ADDITION  soouesssescssssss g1y

c 01810¢

JUGny v18200

* *” s REAGILEILED OViP,OVEP, 0DV, NLING 028218

BURRER INILPILE, L) LCVIP, NLINGY c15220

IFCUNTIVLPILEY .EQ. 9) STOP 15238

¢ 015240

C YRANSHZSSION AT THE PRESENY LAYER 319280

160 ¢ 018260

] READILFILE) COLOEN () 4 Ju g, NLTHO) aa827¢

400 BUFEER INCLFILE 210 COLDEMEL) o OLOTMINLINOY) RIYIY)

IPOWMITAFILD JEQ. 8) STOP 015290

BUFPER INCLEILE, 4D COLOTR (1) 400 DTR (NLINO)) 018%03

108 TRIUNTIY (LETLE) €00 0) STOP c18%10

390 NVSey 018320

6C 1C te0 02833

360 NENERU(SISTRES,SOLOEMIL) 2 (1 0=TR(2))*M 01830

NEMTR S )oTR(L)ISOLOTRE L) 019330

116 TESVERLTESTERAOYS tasrel

I1e2 G1837,

@ oy 015342

¢ C15ye0

c :u:sn

s 00 190 JPReq,LL 3186l

n 1FLJPG LE0. LL) GO TO PP .x:o.z‘

TFINVS LEO0. 3) €0 1O At t1%430

GO0 10 &9 ;uu!}

e NENER(ITI®TRITY)*OLDENINVSI 4 (1, 0=TRLIT)I* AN LR

120 NENTR(IINaTR{ITISOLUTRLNVS) M:szt

TESTFRa YESTEROOVP n’t. :

60 YO 110 u‘u‘

00 TPIFNSAVECA) oE0. 0.0) GO TO &2 n'u

TNSYORRENSAVE f4) ussog

128 TRSTOR TPSAVELA) u’:z:

60 YO 140 n“;;

® ENSTORe OLOENIL) “uslu

TASTOROLNTR (1) 0 !

£0 Yo 100 219885

130 w ENSTOMRCLOENINYS=1) u:s»

TRSTORROLOTRINVS - 1) 018370

t 013800

C INTERPOLATICN OF THE PRESENT TRANSHISSION ;:::::

138 ¢ 105 OLDENTRAL (IS} SENSTORe AL JJ) SOLDENINVS) ¢ A3 CIJD *OLDEM IRV o1 ¢ 918840

T AN (JJ) YOLDENINYS R os:u:

OLOTARTNAL (.0J) STRETORA AZE JI) SOLOTRENVS) ¢AZTU) *OLOTRINVS L) ¢ o:‘u

LARTII) *OLOTR VS ) 038880

NEWEN LI ® (3o O-TREITI ISNAGTRIEI) *OLOEINY u:us

* 180 NEWTREIT) o VRIIT) SO OTRY %:‘3.
: TESTC Ao TESTE ReDVP e .
v 130 NVSaNWBey 0:‘“’ i
TIPS A C. MLINO-2) €0 TO 1MD . [ o |
ENSAVELS HuOLDENE NVYS=2) n‘ "o ' |
s 18 ENSAVEC D)2 0L DENINYS) t ":° |
ENSAVELI) a0l DENENVS L) ux‘ x !

ENSAVELA) oL DENINVS=2) u‘?u

TASAVE (1) @0 LOTRINVS=1) 0:‘;~§

TRRAVEL B SOLDTRINVS) 03"1.

158 TREAVEL I e OLOTRINVS#1) 21874
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BUS ROUT INE [ MBOWN TWTh  OPYey YN &, to 020 03/10/78
TREAVECAIEULDTR INVS =2) 018770
3 REARCLFILE) OVER,OVPP,00VP ,N.TN0 01878
s TFOCOPLLFTLEN) 180,128 r18798
BUFFER TWILFILE,1) (OVIP, ML IO} 718800 ‘
139 IPCUNITELPILEN) 120,180,100 ‘919016
170 ML INOSNLINGeY 019020
s REACILFILED COLOEN 1) o Jr 4y NLINOD 019838 ]
BUFFER TNILFILEL 1) (OLDEN (4 ) J0LOEN LI THOY ) 215800 ;
EFEUNITALPILEY) 4R, 300,100 1sae {
108 02 BUFFER INCLFILE.1) (OLOTRIN) ,OLOTAINLING) ssese i
IFCUNTTRPILEN) 4B, 100,180 %8 v
3 OLDINIS ) eEWSAVEL L)
OLOEN (P ) eEMEAVE 1)
OLDEN (3 e DB AVEL 3D
109 OLETR(1)e TREAVE (1)
OLDIR {2)e MSAVE ()
OLOTRII V= TRSAVE LYy
nySa?
140 3Telley .
v JIndyey
IFCIT (6T, NLIM GO TO 130
60 Yo 1ve
¢
C AN EOF WAS OCCURED ON TME FILY FOR THE PREVIOUS LAYE® 816000
18 ¢ J1604¢C
100 IIallet 218, 20
ENIn(EMSAVE (3D o EMSAVE (20190, 3 016030
TRIITRSAVE(3)TRSAVELR) ) *0.S (16040
100  NEWEN(ID 8 (1.0-TRIIIIISORTRITII®ENG 916040
100 NINTR(TIISTRISYR(ID) 016060
TIslley 016070
IFLIT JLE. NLIW) GO YO 208 $16080
¢ 036990
€ WRITE OUTAUT FILE 318105
108 c 116140
$150 MAITECNFILE) VEP,VEB, 0V, NLIM i16120
s NRTTF (NEILE) INENENTI) yJo 3, NLIN) 016130
] NRITE(RFTLEY (NEMTRCJD yJud o NLIN) t1634t
190 BUFSEN QUTINFILE, 1) (VIP, NLIM 116152
198 TFCUNIT (MFILE) LEC. 0) STOP 016160
BUSFER QUT(HFILF, 1) (NEMEN (1) NEVEMINLIM)) 216173
TFCUNTT (NFILE) EO. 0) SToP 31618
WEFER QUT (MFILE 1) tNENTRIL) JNENTRINLTMY) 016190
IF(INIT MFILE) oFO. €) STOP 046200
108 1P IvVEs 016240
IFENLIN (BN, 3) IFTWel 016220
IF ¢ NPYS LE. 0 ) GO TO 333 316238
DO 329 Jui NPTS ¢1620;
VP ¥ B FLOAT (J=1) OTYP 416280
200 3P0 PRINT G400, J,VPINLNEM(J) ,NENTR(J) t 6260
JENDENL TH=NPTS 41 §1627¢
TFCJERD LY. O) JEWPaMLIN 116280
00 330 JsJEND,NLIN 036290
VPaY1Pe FLOAT ( Jo1) SDVP 046300
208 130 PRINT 900, J,VP ,NENFN (D) NENTR (J) 016340 !-
WO FORMAT(IL0,F12.8, 3715 .8) 116320 !
33 CONTIWE p16330
€O TO (S4%,8802,J06 016340
S68  IKKLeIvNLeS 016350
2 IFQINML <LE. KNL) GO TO 160 016360
60 To 23¢ 016370
180 JUGe2 816380
360 BUFPER INI(KFILE.1) (VI®,NLIMN) 016390
TF(UNITIKFILE) JEO, 0) STOP 316830 .
s BUFFER IN(KFILE,L) ETR(L), TRINLIMD) 026410
IFCWNITIKFILE (EQ. O SToP p16420
¢ 016430
€ CONPUTE THE BLACK WODY CVEPY 1 WAYE 0 SEGINNING AY ViP o:u:g
c 0164
220 MEGINAVLP 916460
A CARRLE IN 016470
1w} 016480
270 ROOTESET) =BBODY (REGIND 010090
Teted L18830
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SUBROUT INE £ NDONN TN OPTe; PTR A, 00008 (EIACY. ]
kiia fe( &7, [02) BTDP 036830
SEEINSRESTING 1.0 no:;:
IFCPECIN L E. VEPO4.0) 8O YO 2708 01883
IFCT F0. 2) BODIESC2)e DOOXESEL) g:g‘%
cce BPINT ®, (30D1E8(1),Iu8,20) taeset
230 CONCNRL . AAS VL B/ TAVE 016870
IFICONON JLE. 4.008) §0 TO 200 016888
DENOMeY o8 018390
80 Y0 200 014600
200 DENOHeL L0-EXPF {~CONON) 3166390
238 290 DVROFaVIPes, 0E~L7ARS (3, 0= CONON/DENON) ) 214620
0= 00T £ {1) 038830
. TESTRRa VA0 036840
CHANSER VeV aRF s1ee80
LTESTe 014860
20 DC 260 Jey, NLIM 036670
::.:.-”n;.n tiseat
. a1, 01669¢C
IF ¢ TPJ JLE. 0. ) 6O YO 260 sierse
IF ¢ TRJ T, 17400 ) GO Tn 288 S18710
28 TREJInE XPRIN r1e720
60 YO 260 D167 36
280 TRUDSEXP(=TRS p1e74)
260 CONTINUE raerse
ITC FCARMAT(IX1PL0EL1. ) 018760
2%0 GO TO tY40,389,533) ,JUG cierre
380 Tl=q ti8720
472 IFCTESTER "é'; gnmcn G0 TO 190 riares
CHANGE~RO i
g::gg:u!smrsn-mnnm«u:sn-aonxcscuestm)'muon gasels
258 * HANGE® CHANGE s UV ARF ta6s2L
TFICHANGE GE. BOD+3,t) GO TO 300 216830
GO0 T0 330 [ 21 114y
300 LTESTaL TESTeL 01865¢C
8007800410 016064
280 190 CONTIWE 0166735
NISaNVE-1 018880
G0 Y0 60 c1688°
210 RIWIKT <FILE 016900
e 216910 )
268 CALL SECONDITIMES) 018920
TINTINE L «YIME 016930
PRINY 260,TIMNEL,TIN 16960
RETURN 0169%0
€ 016980
tre g oxu:%
0169
MAT(®0 THE TINE AT THE START OF EMDOWN IS ®*,F12,3)
:f: :?,:,.".-o THE TIMNE AT THE ¥NO OF ENDOWN IS *,F12.3/712.3, g:;‘:;g
1* SECS MEME REQUIRED FOR TWIS ADDITION®) 017018
ars s oaro20
eNe
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SUSROQUTINE NIRACO Ta/76 OPTay FTN bobo028 037344708

a0

SUBROUTINE MIRACOD

VOLGBIBIIIOOBUBIIVINNIVINNN - SBIDPOITABIRIGILININNNBBEIBILIVIR BN IR RINIY

OO0 ssesesss sl

10

" WOA
a

QU SIS SIIILOSSSUAUIIIT LSNP BISITANIONLTINI LI IOPOIRIBIBL PTG IIRGNS

CALCULATES MONOCNROWATIC ABSORPYION COTFFICIEAT FOR SIMGLE LAYER

.
L
»
L J
L ]
USES HIPACC ALCORITHM FOR THE DOPPLER PROFILE .
L
[ ]

CONMON GNUIRS0), SI2350), ALFAD (298) ,EPP LIRS0} , MOLL2SD) ,
¢

EFDPTHI280), RECALY (250)
COMMON FF(3000)
COMMON/ MATN/ KFILE, XKPANEL, PO, TEMP(

COMMON/NEN/ NMOL, XIDUT7) ySECANT,PAVE,TAVE,, PHOLID LTI WKL(T) ,
c

DVy V1, V2,NLAYER
CONMON /XSUB/LIMIN,IL 0,INT ,VROT,VTOR ,VFT,T EOF ,IPANEL ,3STOP,T0ATA
CONNON /MXXZ NWF o OXF, NFy NS, DXSy NSy NHVS) DXVS, NVS, NFMA XN SHAK ;NVSH
1aX
CCPNON 7SUBLZ MAXE ,MA XS MAXYS NL TMF,NL I¥S, NLIFVS , NLO, NHT, DVS, OVYS
COMMON /XPANEL/ V1P, V2P, 0VP,NLIN, NSHNIFT,NPTS
CONNON/XTIME Z/TIME,TIHRDR , T THCNY , TINBNL
DIMENSION ALKCORCT) ,ALFOL(T) U(T) 4SCORIT)
QINENSION YD(251)

DATA NNF 7 /7y DXF 7 QP27 NF /72017, NFRAX /2853/
DATA NWS /187, DXS /7 0,087, NS /2017, NSMAX 7281/
DATA NMVS/64/, DXVS/ D.Y2/, NVS/201/, NVSHAX/281/

DATA IENTER/0/, LIMIN/250/7, NSHIFT/32/, NLIMF/24017, NFTYS/ 0/
DATA SUBID /10M HWIPACD /

IF (TENTEZ,NEL0) GO YO 10

TENTERR S

NLIMSa (NLINE 24) ¢4

NLT™VSE (NLIM5/8) ¢4

NOTE (LXVS/DXF) IS 16 AND (DXVS/OXS) IS &
NBOLND® (DXVSZDXF) ®FLOAT (NNVS)

WAX FeRL TNE+ NBCUND

 MANS R (MAXE/8) 44

RAXVS=E (MAXS/A) ¢

FALL SHAPED(XO)

CALL NOLEC(L yHMOLTO,N®OL s TEMPE , TAVE, PO, FAVE, SCOR ,ALFCOR,ALFDY)
PRINT 900

PRINT 970, SUBTID

T IwPOFm YINCNVETINPNLRD .
PRINY §hs, (XI0(I) ,T21,7)
RENINC XFILE

IECFny

PRINY 010, KFILE

®PINT 915, SECANY

PRINT 92%, PAVE,TAVE

PRINT 930, (NMOLID(N) (WX I4) ,N=l,NMOL)
PRINT 940, PV,V1,V?
DvesDY

DVSstOY SZ0XF) °DY

OVYSs (DXVS/0XF) SOV
BOUND=FLOAT {NBOUND) *0V/2,
SOUNDPF» BOUND® (NXF/0XVS) 72,
HRINTY 942, BTUNDF

MLERAXE SOUNDZFLOAT (NUF)
NLO*NROUND 44

NNISHLINF ONSNIFT~t

NO 9 Isg,MAXF

FF(Dul,

WRITE C(KFILE) (XIOCI) ,Im1,7) ,SECANT ,PAVEsTAVE s (MNOLIO (M y0ey 7)),

T TuReY),Imi  NMOL) , 0V, VL,V2
BUFFER CUTIXKFILE, L) (XINI1Y yNLAYER)

140

ceesee
[ [1381)
00220
[112% ]
040240
0001950
000160
[113%4]
00080
00049¢
“woeze
00210
0o}
000230
[ LI} LY ]
008230
seseee
11"t 24}
coozod
0L 0290
0ue3d0
000310
ecoy2c
ICCIFG
000360
000380
[Ig R L Y]
gLo3To
000380
0C639¢C
0C 0600
000410
000u2¢
300430
Colant
000450
00046C
[ I 1%4']
0CC480
000490
0CcesSas
0c0s1ce
020820
ocassi
0C034a0
g00sso
000360
000870
060380
000590
[1'11Y 1]
000610
000620
90830
[J31YY ]
[ 1411 {4
000660
0c0670
ga06 8l
28069¢C
[ {14 ]
000710
goerge
[ 11} 1]
000740
[ 1134 1]
00078
ooe?70
030780
T
oene e
000830
(191} {]
({1 F |}
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™IS PAGE IS BEST QUALITY TRACTICARLS
FROM COPY FURNLSHED TQ DDQ . cmwae

SYSRQUT INE NIRACO Ta/7%  OPVay PTN A, bo 20 0750 /T8 g ;
78 IF (UNIT(NFILEY €N, 0) STOP “e9~ LTINS ‘ \
¢ seesn I
VETev 12, *BOUND 000880 b
VB0 Teve=ROUND Dcoere l [
YTOPaYR eROUND DG 0BAL .
1) c 000800
%KY 0u0, FOSLPTENPY 000940 3
XKY w0,09848 TAVE sLeese (
XKTFACHEY . Z7XKT) ~ (14/XKTD) 006920 oo
CALL NOLEC (2 ) HMOL XD ,NNOL p TEMSQ, TAVE, P, FAVE, SCOR,ALFCOR, AL FD 1) 000930 I
1) 0O &0 Mag,NMOL ota9er . fg
o0 U)o W (i) SSCOR (W) SSECANT pco9sD 3
ICNTeD 060960 N
SUMALPe O, 000970 ;
. NCHNGsD cte9as -
‘ L1 c gocees |
: 90 CONTINUE 001000 3
§ c cosaoge K
\ 100  CtONTIWMUE pLscat ,
" ¢ togsy0 H
L 1] CALL SECOND (YINEQ) 001040 ~
I* C(IECR.NE.Q) GO TO 350 001050 !
3 CALL ROFILECGNU,S,ALFA0,2PK, MOL) co1080 "
1 CALL SFCOND (TIME) 001670 i
TINROFs TTHROF o TINE=TINEQ 0C108C ¥
100 t 00109C :
IFCIEOF(NELB) GO YO $&0 s6t100 s
¢ 604140 s'
b % MODIFY LINE DATS FOP TENPERATURE, PRESSURE, ANC CDLUMA DENSTTY gg::gg :
b 4
1 108 DO 170 IsfLO,IMT ot114e ! ‘
A #eqOL (1) : 001150 i !
CEOPTHITI#S(TIOULIM) 0C 1162 P
IF (EFOPTH(TILLELO.) GO YO 230 or117e
JENTSIPNT o1 001380
118 ALPOSGNUL T)SALFDL (M) 004190
TFCALFDLGELOV) GO YO 110 901230
DRIMY 948, GNUII) S () ALFAS () (ALFD,DV,N poi21e
ALFDe OV 0fg220 i 13
NCHNGINCHNA+ 0L123¢ i 3
115 110 IF (ALFDLLE.ALFNAX) GC TD 120 Lea240 o
POINT 6§80, GNUCT) 4SCI),ALFANCT) (ALFD,ALENAY c01250 : -
ALFDeAL FMAX pri26ee
NCHNGENCMN e 4 pLazr: ¥
120 CONTINLE cL283 I ¢
120 SUMALFYSUMAL FeALFD 004290 : i
REGALFIII =3, ZALFD orior S
EFDPTH(I)SEFDBTHIT) *EXP (~EPP(T)*XKTFAC) SRECALFLT) # pe1316 E
s (L1e=EXPLaGNUIT) ZXKTI ) /7 (1.~EXP (=RNUCT) FXKTDY) ge1s20 : b
130  CONTINE eC13y ) s
12% IF INCHMNG,GT.170) GC TO 167 001340 ; i
1kt TONTINUE 001350 : :
¢ 00136y j 4
. CALL CONVFND(GNU,EFDPTH, WECALF, NOL,FF,XD) aG1370 | :
d 001280 .
130 IF CIPANELLENLO) GO YO 100 004390 3
c 004690 : ‘
130  CALL PANELD (FF,KFILE) IR
y . 001420 |
CALL SFCOND (TIME) 003430 }
135 KPANELSXPANEL ¢4 00 14ul ‘
14 (ISTOP.NE.1) GO TO 140 0C 1450 ’
END FILE KFILE 001460
160  CONTINUE 001470
BRINT 985, TINE,TINROF ,TIMCNY , VINPML 1Ty
. 140 IF (ICNT.LE.Q) GO TC 170 co1490
AVALFaSUMALE ZFLOAT ( TONT) , 001500 L
PRIKT 960,AVALF ,ICHT,NCHNG 001540 i
¢ 001520
170  RETIRN 001530
g 165 r 001540 j
¢ ot45s0
e 001560
900  FOAMAT (4mMQ) P15 70
L1 1Y FOPMATLiX, 70400 001580
150 910  FOMMAT(S0 QUTBUT FILE NO, =% IS5) oL 1%9C
]
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TRIS PAGE TS DEST QUALITY PRACTICABLE
i FROM COPY FURNISHED TODDC .~

: SUSACUT INE H1RACD Ta/te  Obim TN &, be 420 03/16/78
; ”ns FORMATL®C STCANT =»* F15,5) gegecd
: 020 FNPMAT (10(1PE10.3)) 001610
: 928 FORMAT(®0 PRESS(IMB) e F12,87 0 TEMP(K) =% F11,2) ecie2e
! 9Y0  FONMATIIING COLUMN DENSIVY(MOLECULES/CWo®2) 6016 30
| 18 1/ TSN A6, S w 8 {PELO.D) ) 001640
% 0  FOPMATY~; OV(CV=1) ® SF12,8/%0 VIICH=1) & SFi2,4/¢0 V2(CM=1) = @ AC16S0
; 1 F12.%) 001060
{ W2 FOREATIATHO BOUNDF (CHeg) = ,Fa,4) 0016790
: ws FOR¥AY (® wmcwonnerssescascacsanncacen®f i, by Elhe3,3F10.6,19) 0016480
i 160 %0 FORMAT (% 00000050000 000800000000000 0 R0, by T14.3,3F10.0,1%) 0,1690
955 FORMAT (1HO, 10K, OTINZ®, 11X, *READ® , 4% ,*CONVOLUTION® , 10X, ® PANEL®/ 9C3730 !
: 1 4F18,.3) . 801710 ’
i 968 FORMAT (*0 AVERAGE WIDTH = *F10.5, 062720
| C e NO, LINES = *220, * NO, CHANGES = *180 ) 0047 3¢
1% 970  FORMAT(ING,9X,A10) 061740 . L
z €wo A (1884 1
1
: ]
% SUBMOUTINE CONVFND  73/74  OPTai FIN & 60028 W3716s78 :
i
, s SUSROUTINE CONVFNN(GNU, EFIPTH, RECALF (MOLyFFy XD) 01780 1
, COMMON, NEW/ NMOL , XTD(7) o SECANT JPAVE (JTAVE oMMOL T (7D WK (7, oLe?re
i ¢ NV 4VL ., V2 NLAYER 001780
i COMMON 7 XSUS/ZLTHIN, TLOy IKT, VEOT ,vT0! ,VFT,IENF,IPANEL ,ISTOP,TCATA 001799
o s COIMON ZMXX/ NHF DYF o NF otiNS, DX S NS JN HVS yDXVS s NVS ;s HFMAX, NS HAX, KVSH  DC48J0
L 1A . Qb1egc
s ROMMON 7SUBL/ MAXE,MAXS, MAX¢S o NLEME, NLIFL NLIPVS  NLC,NHT,0VS,CVYVS 001820
: COAMON/XTINE 7 TIME ,TIMANE , TIMCNY, T INPNL 0L18 3D
L DINENSICN GNUCL), EFDRTH(1), RECALF(a:y FF(1) aL16aL
i 10 DINFNSTON «OL (1) 203880
! DIMENSICN X0 (1) 001850
. CALL SFEOND (TIMED) DL187C
g PATYX{ WYS/NXVS ocear
FVSSFLOAT (NHVS) /NXYS 001R g0
13 CONFuCYVS/NY =g, IELET ¥
TIF (ILOJGT.THD) GO TO 50 ui191? 4
nO 49 TwILO,TH1 001920 .
. DEFTHIREFOBTHLT) 0ra9 Y, 1
; TFCOSPTMILLE,N,) GO TD &9 0L194; ]
. 20 ISLOPEs FECALF (T)*RATVY 001680 :
Li 2INTR (GNU (1) ~VWFT) 2D VYS 00190 !
i BFVSa RV S/ 7SLUPE 00197¢ L
X JHANE (ZINTeRFVS )+ 2, YFCTY) ;
P IF (JMAXLLE.MAXVS) GO TO 20 001990 ,
& 2% ILASTaTet 12005 i
1 50 10 %9 €200 1
[ 2¢ JMIHE(ZINT=BFVS) 42, go2v 20 ¥
t JPINFu (ZINTSCONF) pe203sc i
IVSE (FLCAT (SMIN=2) = 2INT) S2SLOPE 002060 {
= 30 2FaIVSe (FLOAT tUMINE ) = ZINTSCONF) *TSLOPE ot 2080 ;
4 DO YO JJRJMIN,JIMAK 002080 i
JFRININFeIY 7L2070 3
TPaZrezSLOPE a2 80 ;
12FeARS (2F) 61,8 . 902090
3 FROJFIRFF (JF)+DESTHT® XO (I2F) 002aCs i
10 CONTENUE 002240 L
1 W CONTIMIE 002120 !
TLASTeIMT 0022 3¢ ¢
¢ INATARO FOR MORE DATA REAUIRED ®* TDATAsS IF ND MORE DATA REQCUIMED COZibky i
} ) IFANE L TDATA 0c2190 !
L G0 Y0 €0 002160 - |
; 1] CONTIWUE pe2170 ¥
IPANELSL 002160 3
on TLOSTLASTeY 002190 3
Y] CALL FCOMD (TINE) st220¢ ‘ !
. TINCHVE TIHCNVeTINETIVED L2210 ' :
3 e TURY pzexc i
’ v wee :
et oL2Ret ,
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L1

%0
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L1
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CONMON /XSUB/LININ, ILCy IMT,VB0T VT OP,VF
Conmon /7sust”, nanr.naxi.na:vs.u&tnt.n&x

CONMON/ XTINE/ZTIME, TINROP , TINCNY, TINPUL
DINENSION FF(1)

CALL SECOND (TINEM

1STOPeg

NNHI=(V2=VIT) 70Ved, S

IF (NMIJGE.NNNI) ISTOPeg

IF (ISYOP.EQ.L) NHIGNNNY
JHRFRSHLOSNPTS

JIPRENHI=NOTS
LIMLON(ALOwl) V=)
LINMIn(NNI/AY 08

IF (NPYS.ED,0) GO TO &0

00 40 JaNLO,,JHXPR

YEIVE TR L OAT (J=1) "DV

8 INT 900, J,FF(J),VP

00 80 JsJJPR,NHI

VPR YFTeFLOMTY (J=1) *DYV

URINTY 900, JoFF(J), VP

CONTINUE

NLIMuNM I=NLO]
ViPeVFT+FLOAT(NLO~2) "0V
VZRsVFTRLOAT (NHI =)0 0V

Vi® 1S FIRST FRFQ OF PANELYV
VP IS LAST FREQ OF PANELY
NRITE (KFIL®) VIP,V2P,DVP,NLIN
WRITVE (KFILE) (FR(JY,I=NLO,NNT)
ALFFER OUT (XKFILE, 1) (VIP,NLIM)
IF {UNIT(KFILE) €0, 0 ) STOP
BUSFER OUT (KFILE 1) (FFINLOY, FFINNI))
IF (UNIYIKFILE) EN, 0 ) STHP
VEV-.gri+TLOAT (NLYIWF «4 )% OV

IF (YSTOP.EN.1) GO TO 14D

JFayg

PO &0 JuNLINF,MAXF
FPLJF)SFFLD

JFEJReg

N0 91 JsJF,nAxfF

FFlJIuet,

NLCPMSHTIFT ey

CALL SFCOND (TINE)
TINPHLE TINONL ¢ TINE=TINED
RETURA

FORMAY (T30,20%,E12.%3,F52.%)
EnND
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s PAGE 1§ BEST QUALTTI PRACTLG
FROM COPY, FURNLSHED 70 DD oo
SUB ROUTING PANELD TA/TA OPTey FIN A 80028 03/734a/78
KUBROUTING PANALD (FF,KkF ILE) ec2eso
CONMON/NEN/ NHOL yXINCT) o SECANT JPAVE s TAVE ,¢™MOL T0 (7 oWK () 0C2260
c OV V1, VR NLAYER oor2ro

TEOF  IPANEL ,ISTOP,ICATA 062280
yNLIPVS NLONNT ,0¥S,0VYS 002290
COMPON ZXPANFL/ VAP, VEP, OVP NLIN,NSHIFT NPT

002309
002310
gL 2320
oL233c
002340
002350
0C2360
002370
002380
062390
002400
002410
0g2u62C
GL263C
062640
8L 248
002460
002670
052480
yiL 2490
0025%09
ccasse
oL2s29
0resy)
0C254s
0c2sse
902562
gc2s7TtL
ne2sac
goassn
06260C
306261¢(
orze2e
002630
0l2662
£026%0
002660
go2670
0G2880
oc2e9d
002700
002748
ocerae
002730
90270
co2rse
scaree
002770

T LT o A i v e e o

ol i M Doty te
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THIS PAGE IS BEST QUALITY PRACTICABLE
it h QLT
FROM COPY FUKNISHED 10 DDC -
SUBROUTINE MI®ACL T/ oPYTey FIN o.00428 $37146/78
1 SUSROUT INF M IRACL 960490
[+ 0001210
¢ 000120
LI XIS T T TP IR LAY RTINS YRR Y YT YT YYYI RIS YYYYYS cuo‘so
| ] L4 " 060380
. ! &  §C0a18C
. CALGULATES MONOCHMROMATIC AASORPTION COEFFICIENT FOR SINGLE LAYER & 000160
. s  gGoire
. * 001180
10 : USES HIRACC ALGORITHM FOR THE LCRENTI PROFILE % 060490
¢ 000200
(1T I TR I Y Yy Ty Yy Yy Y Yy Y Y Y Y Y Y Y Y P Y Y Y YT Y T IYYYYYRY Y 02 ez:ﬂ
[ 000220
[ 000230
19 COMMON CNUC280) ,SI280) ,ALFAD(2%0),EPP (2803, MOL ¢250), 000248
[ A EFOPTH(RSC) , RECALE (2%0) occ2so
COMNMON *F (3600) ,SF(900) ,VSF(22%) 00¢260
COMMON/ MAIN/ XFILE,XPANEL,PO,TENPD 060270
CONMON/NEN / NMOL oy XID (7)) ySECANT  PAVE , TAVE, HMOLID (7Y WKL), 0co02eg
4] [ DV, Vi, V24NLAYER 3C029¢
CONMON 7XSUB/LIMIN,ILO,INT VBOT ¥TOPVFT,IEOF,IPANEL ,1STOP,TOATA [ AREI
COMMON ZHXX/ NMF oOXF 3 NF o NHS DOXS NSy NHVS , DXVS , NVS s NFHAXSNSHA X, NVSM ac%ixc
1AX acoy2p
COMMON 28USL/7 MAXE ,MAXS gMANVS yNLIMF o NLIMNS o NLINFVS,NLOYNKT, DVS, CVVE 000330
29 CONMON /XPARELZ ViP, V2P, DOVP NLIMyNSHIFY NPTS 000340
COMMON/ XTINESTIME ,TIMROF , TIMCNY , TIMPNL 0P 03%0
N DIMENSION ALFCOR(T) JALFDI(7),ULT),SCORLT) ['IR-ALY]
} c DIMENSION XF(251),XT(251) ,XVS(254) 000370
00380
30 OATA NWE 7 &7y OXF /7 0,827 NF 720174 NFMAX 7251/ PR A1
OATA NMS /7467, DXS /7 0,087, NS /72017, NSMAX 7254/ 9L 0400
¢ DATA NWVS/Z64/7, OXVS/7 G327, NVS/204/7, NVSHAX/2%L/ Oulbic
JLeubk20
DATA YENTER/Q/7, LIMIN/Z250/7, NSMIFT/32/: NLIN 7 087, NPTS/. o7 0004L3C
3s [ o] : OO Wbl
OATA SUBID 71%M NIPACL 7/ pELuS.
[ 9CLedu
IF (IEMTEOP,NE,0Y GO YO i0 [Ty AN
TIENTE Ry 0C0WBy
Y] NLIMS®mINLIME/4) ¢} VU Leg(
NLTHYSE (NLTIWS/6) ¢4 vl 522
C NOTE (NXVI/70XF) IS 16 AND (DXVS/DXS) 1S & 000540 2
NBOUND=FL OAT (NWVYS) * (D XVS7DXF) 0C o820 !
HAXFuNL IMF oN BOUND CCLUS 30 1
&% HAXSHIMAXF 24) ¢2 000540
HARYSE (MAYS/74) ¢4 CCe5%0
CALL SHAPEL{ XF, XS, XVS) . 0C0%60
CALL MOLEC 1, HAOLID g NMOL 4 YEMPD ,TAVE 4 PO PAVE, SCOR,ALFCOR,ALFD1) 060570
190 PPINT §00 geosel
50 PRINT 970, SURID oLEs9r
TIMRDFPaTINCNVa T MPNLE O, JLL64D
PRINT @06, (RI0() ,I=yy Y 00064C
REMIND KFILE [18-1.Y4]
I1T0F=0 0006 3¢C
[ 13 PRINY @40, KFILE 000640
PRINT 9198, SECANY QL06S%0
PRINT 928, SAVE,VAVF cCosan 7
PRINT 830, C(MMOL IO} JWKK(M) gdmd NHOL) gtcere
PRINT 940, "V,Vi,V2 ulooas
60 ovesDY 0C0690
OVS= {DXS/70%F) * 0OV 030700
OWVS= (DXVS/DXF) Y 060710
BOUNDSFLOAY (NSOUND) *DV/2. georeo
BOUNVS=BOUND/ 2, 0TI -
(3] PRINT 942, BOUNVS 0GCTe0
ALFMAXE BOUND/ELOAT (NWYS) 0007%0
NLOSNBOL 40y 060760
NHISNLIME NSHIF = ocorrt
00 S0 Yei,MAXF ocATAD A
70 50 FFtTIn0, 50079,
00 60 Isg,MAXS 0820
(14 Sr(iat, MY LY
DO 7" Ywy ,MAXVS acoa2d
\4'] VSE(I)={Q, ocoeso
146




petid i T T K o i ™ 43 i o Gl s e T TR w —— ST
ACTICABLE
WHIS PAGE 1S BEST QUALITY FRAG
FROM COPY FURNISHED T0 DDQ e
SUBROUTINE WIRACL Ta/76  OPTNY YN a.00020 203/18/70
s ¢ 0000 &0
s WRITE (KFILEY (XIOCX) oInty 70, SECANT,PAVE,TAVE (KNOLID (M) JHul 4 7)), 000850
s S (WR(I)y1wy,NNOL),0V,¥1,¥2 toeser
QUFFYR QUTIXFILE,S) CXID{L) NLAVER) 000870 1
IF tUNTT(KFILE) (E0,0Q) STOP =99~ 0008080
1] ¢ LT 5
VETay 1= 2, * BOUND 00900 i
VA0 Te ¥1 ~B0UND 000910 {
VTCRu Y2 +BOUND 0C0920 |-
¢ 0830 v
1] RKTOm0. (9S1°TENP 8 1LY iy
XKT w0.6984°TAVE 000930 :
RATEACR{1, ZUKT) « {1./KKYQ) 200960 i
;. CALL MOLTC (2, MMOLID, NWOL s YENPO, TAVE, PO, PAVE, SCOR,ALFCOR, AL FD1) oooere
i 00 A0 Neg,NwOR 0c098c
0 (1) U(HIRWK (M) *SCOR (M) * SECANT 0LL990 b
ICNTRY 001¢e80
SUNALE=), 001019 g
N NCHNG( oLac¥o o
¢ 001030
(1} °0 CONTINUE 001040
¢t 204080 S
100  CONTINUE TR : J
¢ oL1070 :
CALL SFCOND (TINED) 001080 4
100 1F (TEOF.NE.O) GO TC 180 ccao9e
CALL ROFILE(GNU,S,ALFAD, €8P HDL) 301150 ¥
CALL SECONP (TINE) n0t340 i
TINPOFTINROFeTINETINED 001120 1
¢ oc1130
10% IFLIEOF.NE.B) GO TO 140 7116 1
¢ 001150 X
g MODYFY LINF DATA FOR TFMPERATURE,PRESSURE, ANC COLUMN CENSITY :gugg
11 i
N0 3130 IeILO,THY at1100 ;
110 Mo MOLLT) 30119 g
EFNDTHIT) wS (1) *U M) oc120¢ f
IF (EFCEVHITILLELD.) €GO YO 190 cta2a¢ i
ICHI=ICRT Y cLy22e0 i
ALFLSALFAD LTI ALFrOR(N) £012%0 g
115 IFLALFL,GE.DV) G0 YO 110 t01240 g
PRINT 648, GNUCTI ySCTIV,ALEAD(T) 4 ALFL,DV ™ 0C10S0
ALFLSDY 0C12¢¢ :
NCHNGeNCHNRe Y i8¢ 244 i
11F  IF (ALFL.LF,ALFNAX) GO TO 120 001280 :
120 PRINT 980, GNUCTI S (T)pALFALCT) yALFL o ALEMAX M 00129¢
ALPLuAL PHAX oL13vs
NCHNGRNPHNGeY 001310
120 COMYIME orq320
SUMAL Fr SUMALF ¢ ALFL ocLIN
12% RECALF(I) m1,/ALFL 0C1340
FFOPTMCI) sEFOPTHII)SEXP (=Sop (I)SNKTFAC) *RECALE(]) ® ¥ 1
s (1. =FYP(=GNUIT) 2XKT)) 211, ~EXP{=GNRUELY ZRILTOY) o1y
130 CONTIMIE 001370
IF INCHNG.GT .10P) GO TO 180 ot33ac
130 180  CONTIMIE 954390
¢ 001400
CALL CONVENL (GNU, EF PO TH, BECALE ,HIL ,FF,SF,VIF, 021610
¢ AP XS, AVS) 0L 2420
c 001430
138 IFCTPANRL L E0. D) GO YO 100 001440
c 00 seSe
150  CALL PANEL (FF,SF,VEF,KFILF) COL480
b otasro
CALL SECOND (TIME) 001480
260 KPANELEKPRNELS ] 001490
IF (ISTCP.NE.1) GO TO 140 051500
ENP FILE KEILE 001510 |
160 CANTIWIE 0c1s 20
PRINT QSK,TIMF,TINODC,TIMNONY, T IMPNL 0o1830
188 1P CIENTLLE,0) GO YO 179 CL154s
AVOLFRSUMALE/ZFLOAT (TEAT) 001830
BPINT 980, AVELFE, ICNT, NCHNG Y]
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THIS PAGE IS BEST QUALITY PRACTICANLE
FROM COPY FURNIUHED TODDC .

i

; SURROUTINE NIMACL YM/TA  OPTey PN G.beatd NIV
! ¢ oL1sY¢
| $70  RTYUVAN 0c1880
, 180 ¢ 13T
g ¢ 201600
i ¢ th1e10
! 900 FORMAY (3MO) (12131
| W& FORMATIIN,TALE) 003e N
‘ 198 10  FORMAT(®0 OUTBUY PILE NO. *° IS) 001040
: 948  FORNATI®E STCANY ¢ Fis, 0 001030
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